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A BIOCHEMICAL STUDY OF THE FERMENTATION OF 
RARE SUGARS BY MEMBERS OF THE COLON 
AND AEROGENES GROUPS OF BACTERIA 


III. d-FUCOSE 


By J. THOMAS FIELD anp CHARLES F. POE 


(From the Division of Sanitary Chemistry, Department of Chemistry, 
University of Colorado, Boulder) 


(Received for publication, November 13, 1939) 


Most of the quantitative work on the fermentation of sugars 
and higher alcohols has been done on the more common members 
of these groups of compounds. An investigation has been started 
in this laboratory on the metabolic products which are formed by 
members of the colon and aerogenes groups of bacteria in media 


containing some of the rarer sugars. The results of the work with 
trehalose (1) and cellobiose (2) have already been reported. The 
investigation covered in this communication gives the results 
when d-fucose was used as the carbohydrate constituent of the 
medium. 

The methods and procedures were essentially those employed 
in previous studies (1-3). The cultures used for the fermenta- 
tions were members of the Escherichia and Aerobacter groups of 
bacteria. 

For the quantitative determination of the products of fermenta- 
tion, a medium was used containing 5 gm. of fucose and 8 gm. of 
Bacto-Nutrient broth in 1 liter of water. This medium was 
adjusted to a pH value of 7, and 100 cc. amounts were placed 
in Smith’s fermentation tubes and 10 cc. amounts in Durham 
tubes and both were properly sterilized. Each of the Smith 
tubes was previously fitted at the top of the gas arm with a small 
bore glass tube, which was sealed with a short piece of rubber 
tubing containing a plug of solid glass rod. This arrangement 
was made in order to facilitate the transfer of the gas from the 
Smith tubes to the burette used for the analysis of the gas. 

473 











J. O.1 per cent fucose medium. 
I. 0.5 percent fucose medium. 


PH Values. 





7) 30 45 60 75 90 05 20 135 i500 165 
Hours 


Fic. 1. Curves showing the change in pH values when Escherichia coli 
is grown in d-fucose media. The broken lines represent a different interval 
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Fie. 2. Curves showing the change in pH values when Aerobactler aero- 
genes is grown is d-fucose media. The broken lines represent a different 
interval of time. 
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Some forty-two organisms were inoculated into medium con- 
tained in Durham fermentation tubes, in order to determine the 
amounts of gas formed during different periods of incubation at 
37°. The production of gas took place very slowly. In 96 hours 
the colon cultures averaged 8 per cent gas and the aerogenes cul- 


Taste I 
Fermentation Products in Fucose Medium 
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* Volume in cc. formed in a Smith fermentation tube. 
t Amount of 0.1 Nn alkali used to neutralize the acid from 1 gm. of sugar. 
} All of the values in mg. are on the basis of 1 gm. of fucose. 


tures 11 per cent gas. Rough determinations of the pH values 
were made in these same tubes every 24 hours up to 144 hours. 

Determinations of pH values were also made at more frequent 
intervals with the hydrogen electrode potentiometer in media 
containing 0.1, 0.5, and 1.0 per cent fucose. Various strains of 
four organisms were used, Aerobacter aerogencs, Escherichia coli, 
Escherichia formica, and Escherichia communior. The values 
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for the last two organisms were practically identical with those 
for Escherichia coli. Also the values obtained with the medium 
containing 1 per cent sugar were about the same as those with 
the medium containing 0.5 per cent sugar. The average values 
for three strains of Escherichia coli and those for three strains of 
Aerobacter aerogenes are given in Figs. 1 and 2. 

The pH values with both groups of organisms in the medium 
containing 0.1 per cent sugar reached a minimum in about 7 
hours, and then the value gradually increased until a maximum 
of about 8.7 was reached. The minimum was considerably lower 
in the medium containing 0.5 and 1.0 per cent sugar; the acidity 
which developed, however, killed the organisms in about 30 hours. 

The media contained in the flasks and the Smith fermentation 
tubes were inoculated and incubated for 72 hours at 37°. The 
fermentation products were analyzed, and the results noted in 
Table I. 

The amounts of the products formed with the two groups of 
bacteria showed considerable difference. The aerogenes group, on 
the whole, showed larger amounts of each of the constituents except 
the gases and alcohol than did the colon group. The aerogenes 
group produces on the average twice as much lactic acid and 4 times 
as much succinic acid as does the colon group. Another significant 
difference is found in the acid ratios. The ratio for the volatile 
to non-volatile acids and the ratio for the acetic to succinic acid 
were in each instance more than twice as large for the colon group. 
All the members of the aerogenes group gave tests for acetyl- 
methylearbinol, whereas those of the colon group did not. 


SUMMARY 


1. The fermentation products by members of the Escherichia 
and Aerobacter groups of bacteria in d-fucose medium have been 
determined. 

2. The progressive changes in pH values during fermentation 
have been studied. 
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THE EFFECT OF HOT ALCOHOL ON PURIFIED ANIMAL 
PROTEINS* 


By ROBERT L. HARRIS anp H. A. MATTILL 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


(Received for publication, September 25, 1939) 


The effect of heat or alcohol extraction on the nutritive value of 
proteins continues to be an interesting problem. Most of the 
current work on it has been summarized in several recent papers 
(1-3). Heat treatment usually lowers the nutritive value, al- 
though soy bean protein seems to be modified in the opposite 
direction (4). In long time feeding experiments the possibility 
of thermal destruction of unidentified accessories had to be 
reckoned with but short time balance experiments have left no 
doubt that the protein itself is changed in a manner such that 
either it is less digestible or its amino acid fragments after diges- 
tion are less utilizable than is the case with the native protein. 

The latter view is the more generally accepted, although no 
chemical evidence has been offered which would indicate any 
alteration or destruction, especially of lysine or histidine, the 
amino acids held to be the first limiting nutritional factors in 
heat-treated proteins. Indeed, Block, Jones, and Gersdorff (5) 
found no difference between the lysine content of heated casein 
and that of the unheated. 

The work to be reported here had its origin in the observations 
of Seegers and Mattill (6) that beef liver, carefully dried at tem- 
peratures below 60°, suffered considerable loss of its value as a 
source of protein for growth and maintenance by being heated at 
120° for 72 hours or by extraction with 95 per cent alcohol for 
130 hours at the boiling point. When the two treated proteins 
and the untreated were hydrolyzed by acid, the resulting amino 


* From a thesis presented by Robert L. Harris to the Faculty of the 
Graduate College of the State University of Iowa in partial fulfilment of 
the requirements for the degree of Master of Science. 
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acid mixtures were about alike in nutritive value. Digestion in 
vitro indicated that the treated liver was somewhat resistant to 
tryptic digestion. From these observations it was concluded that 
as a result of heating or alcohol extraction certain new linkages 
were formed which were not amenable to the action of proteases. 

Muscle tissue when subjected to heat treatment suffered no 
deterioration at 110° but was altered by heating above 120° for 
3 days (7), whereas kidney tissue showed no change on being 
heated at 130° but did so above that temperature. This indi- 
cated a rather fundamental difference in the composition of the 
proteins of these tissues or in the nature of the associated sub- 
stances, manifesting itself in variable sensitiveness to this kind 
of denaturation. 

It was therefore decided to fractionate the proteins of liver and 
kidney by the usual empirical solubility methods: to subject a 
portion to prolonged alcohol extraction, and to compare the ex- 
tracted and unextracted proteins as to differences between them, 
on the basis of chemical criteria and by more extensive digestion 
experiments in vitro. 


EXPERIMENTAL 


For purposes of fractionation the method devised by Luck (8). 


seemed suitable for separating the proteins of fresh slaughter- 
house tissues according to their solubilities in 5 per cent sodium 
chloride, 0.25 per cent sodium hydroxide, 3 m sodium sulfate, and 
water. To obtain consistent results it was necessary to regulate 
carefully the concentration of salts, temperature, time of extraec- 
tion, and pH. 

The quantities of the different proteins isolated (Table I) fall 
within the limits found by Luck, with the exception of the pseudo- 
globulin fraction, of which none appeared. Our material was 
not freshly excised; the tissue had been removed from slaughter- 
house animals several hours before; nor was it frozen with liquid 
air before grinding, as Luck suggests. 

The distribution between globulin II and euglobulin depends 
on slight changes in concentration of alkali or acid, on variations 
as to length of time allowed for centrifugation, and many other 
factors. The amounts of euglobulin isolated from kidney and 
liver are quite different, but the meaning of this difference is 
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obscure. The sum of the globulin and euglobulin in each case is 
about the same and the distinction between the two may not be 
sharp. 

For extraction with 95 per cent alcohol, a portion of the protein 
was placed in the usual parchment thimble in a Soxhlet extractor 
and the extraction was continued for 5 days. Both extracted and 
unextracted proteins were then subjected to digestion in vitro 
by pancreatin. 

1 gm. of the protein, containing 146 mg. of nitrogen, was placed 
in a 125 cc. flask, with 50 ce. of 0.3 per cent sodium carbonate 
solution containing 0.1 per cent sodium fluoride, together with 5 
ec. of 3 per cent solution of commercial pancreatin (Wilson). The 


TaB_e I 
Proteins of Beef Liver and Kidney 
The figures on beef tissues are averages of at least five determinations. 











Rat liver (Luck (8)) 
Fraction Beef liver R nol Fz 
High protein Lew protein 
100 gm. | 100 gm. |9™- per 100 9m.| gm. per 100 gm. 
RR 8 7.94 6.17 7.08-10.03 | 5.66-9.27 
Eugiobulin..................| 2.76 4.85 4.66- 7.59 | 2.64-4.45 
GS A 1.83 2.15 1.86—- 2.50 | 1.16-2.06 
SE eR. oui te s 1.37 3.59 
Pseudoglobulin.............. 1.63- 1.78 | 1.16-1.56 

















digestion mixture was covered with toluene and placed in a con- 
stant temperature room at 37°. The blanks were prepared in 
the same way except that the enzyme was added at the end of 
the digestion period. After 24 to 48 hours, the mixture was 
brought to boiling and precipitated with trichloroacetic acid. 
The filtrates were made up to 100 cc., total nitrogen was deter- 
mined by the Kjeldahl method, and amino nitrogen by the Van 
Slyke micromethod. 

From the figures in Table II it appears that the globulin II 
fraction of liver was the only one of the proteins to show any 
marked decrease in digestibility as a result of alcohol extraction. 
Attention was therefore concentrated upon this and the same 
fraction from kidney tissue. 
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The progress of digestion of the globulin II from liver and 
kidney is shown in Fig. 1. The difference in behavior between 
the liver and kidney globulin after extraction is obvious. From 
the very beginning, the digestion of the extracted liver globulin II 
was retarded; a higher concentration of enzyme accelerated the 
digestion, but the final equilibrium was not changed. 

Other organic solvents had a similar effect upon the digestibility 
of liver globulin II. Portions of the extracted protein and of the 
original material were digested with pancreatin in the manner 


Tase II 
Effect of Alcohol Extraction on Digestibility of Beef Liver and Kidney Proteins 
(48 Hours in Vitro) 
The original substrates contained 146 mg. of protein nitrogen; the per- 
centages are based on this figure and are the averages of at least five sep- 
arate experiments. 

















Amino N Tetshlepenenis ote 
Untreated -—— ~ ~<A Untreated fa " 
per cent per cent per cent per cent 
Liver Globulin II 26.0 16.7 97.2 73.0 
Euglobulin 22.4 19.5 95.5 83.6 
Albumin 18.9 17.8 80.0 78.2 
Residue 14.4 14.1 66.6 66.5 
Kidney Globulin II 25.0 23.8 97.5 89.9 
Euglobulin 24.1 22.2 96.0 89.5 
Albumin 18.6 17.5 78.3 78.1 
Residue 14.0 13.7 65.0 65.0 














previously described and precipitated with trichloroacetic acid, 
and the filtrates were made up to 100 cc. and analyzed as before. 
The results of these determinations (Table III) show that each of 
these extractants lowered the digestibility. Primary alcohols of 
low molecular weight caused a greater change than the correspond- 
ing secondary alcohols. Ketones had about the same effect as 
secondary alcohols, and dry heat at 110-120° for the same length 
of time produced the most drastic change. All of the solvents 
are dehydrating agents. 

During these extractions hydrogen sulfide was evolved. For 
quantitative confirmation of the loss of sulfur the globulin IT was 
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hydrolyzed by acid before and after alcohol extraction and in 
the hydrolysate cystine and cysteine were determined by the 
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Fie. 1. Pancreatic digestion of liver (L) and kidney (K) globulins before 
(Curve A) and after (Curve B) extraction with hot alcohol. In LZ, Curve C, 
the concentration of enzyme was doubled. The three lower curves indicate 
inerease in amino nitrogen; the four upper curves show increase in tri- 
chloroacetic acid-soluble nitrogen. 


method of Shinohara (9), total sulfur by the Parr bomb. During 
extraction the total sulfur decreased from 12.9 to 7.7 mg. per gm., 
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cystine sulfur from 11.6 to 5.71 mg. per gm. When cystine and 
cysteine were similarly extracted, hydrogen sulfide was evolved. 

To reveal other possible changes in their amino acid content, 
the nitrogen distribution in the extracted and unextracted proteins 
was determined by the method of Van Slyke (10) as modified by 


Tasie III 
Digestion in Vitro of Liver Globulin II after Extraction with Various Organic 
Solvents 
The percentages are based on 146 mg. of protein nitrogen which the 
substrates contained. 





CCl-COOH filtrate 














| Amino N in 
Extractant digest 
| Seenen) | cvan Slyke) | Total N 
per cent | per cent per cent 
a ke wda ewes 27.0 26.4 97.3 
Ethyl alcohol (95%)...............) 18.7 17.0 70.9 
“ Woes.............. 20 | 28 71.4 
"ae 18.1 16.3 | 70.9 
SS 21.2 20.0 79.5 
+ DS Se | 18.5 17.9 | 74.3 
n-Propyl alcohol.................. | we | we | 6 
Isopropyl aleohol................. 20.2 | 18.0 | 7.5 
Dry heat, 120°.....................) 16.6 | 15.5 | 68.8 
Taste IV 


Free NH, Nitrogen in Liver and Kidney Globulins 





| | Van Slyke | Sgrensen 





| mg. per gm. mg. per gm. 


Liver globulin Alcohol-extracted 3.2 3.4 
Unextracted 7.0 7.4 

Kidney globulin Alcohol-extracted | 5.9 1.4 
| Unextracted 9.2 4.4 





Cavett (11). Except for cystine there was no appreciable change; 
in particular, histidine and lysine were unchanged nor was there 
any marked difference in the distribution of amino acids in liver 
and kidney globulin (data available but omitted here). 

Chemical evidence of some fundamental change produced by 
hot alcohol extraction was finally obtained when the free amino 
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nitrogen of the unextracted and extracted proteins was determined 
(by Van Slyke’s amino nitrogen method and S¢grensen’s formol 
titration). For these determinations proteins were finely ground 
and suspended in distilled water. The values by both methods 
were checked at different periods with varying amounts of material 
(200 to 500 mg.). The results (Table IV) show that hot alcohol 
extraction reduced the amount of free amino nitrogen in both 
kidney and liver globulins. The methods are admittedly inade- 
quate when applied to solid material. Complete solution of the 
proteins requires considerable amounts of alkali in whose presence 
the methods cannot be applied. The wide discrepancy between 
the Van Slyke and Sgrensen figures on kidney globulin is par- 
ticularly unsatisfactory. 


DISCUSSION 


Since hot alcohol extraction produced no loss of nitrogen from 
the proteins, the decrease in amino nitrogen can only indicate the 
disappearance of these free amino groups into new linkages. If 
the free amino groups in proteins are for the most part in lysine, 
slightly more than half of the e-amino groups of lysine disappear 
during alcohol extraction. What new bonds are thus established 
can only be surmised, but under conditions favorable to dehydra- 
tion the e-amino groups of lysine may form anhydride linkages 
with available carboxyl groups to form compounds like the in- 
digestible diketopiperazines (12). Imino groups and hydroxy- 
amino acids offer similar possibilities. It has been shown (2, 1) 
that the addition of small amounts of histidine and of lysine (0.2 
per cent) improves the nutritive value of diets containing heat- 
treated protein. The evidence from nitrogen partition and the 
actual isolation of like amounts of lysine by hydrolysis of heated 
and unheated proteins (5) indicate that lysine is not destroyed. 
The data on nitrogen partition also lend no support to the claim 
(13) that denaturation converts diamino acid nitrogen into other 
forms. One must also conclude that, if new linkages are formed 
by dehydration, those produced in kidney globulin are still ac- 
cessible to the action of pancreatin, whereas those in liver globulin 
are not. Further studies, by other methods, are needed to ex- 
plain this difference. 

The possible participation of unessential amino acids in the 
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formation of anhydride complexes would obviously not be re- 
vealed by nitrogen balance studies. The fact that cystine and 
cysteine are decomposed and some organic sulfur is lost is also 
inconsequential from the nutritional point of view. An altered 
configuration even of soluble and absorbable fragments might 
make them unavailable to the animal because the specificity re- 
quired for resynthesis was lacking. Denaturation of this kind 
might thus reduce both “biological value” and digestibility with- 
out damaging any essential amino acid. Recently (14) soy bean 
protein has apparently furnished an example of the converse 
process. Soy beans contain a complex of S and N which is ab- 
sorbable but which cannot be used for tissue-building purposes, 
Heating the soy beans makes it available. 


The authors are indebted to Dr. J. I. Routh for his helpful 
suggestions, especially with reference to the sulfur-containing 
amino acids, and to Mr. R. L. Borchers for some amino acid 
determinations. 


SUMMARY 


Liver and kidney proteins of freshly slaughtered beef were 
fractionated according to the method of Luck; the quantitative 
distribution of the different fractions of liver was similar to that 
found by Luck in freshly excised rat liver. 

Of these protein fractions liver globulin II was the only com- 
ponent to show a marked decrease in digestibility in vitro by 
pancreatin after hot alcohol extraction. A similar result followed 
extraction with many other dehydrating organic solvents. 

Similar nitrogen distribution was found in liver globulin II and 
kidney globulin II. Hot alcohol extraction of liver globulin did 
not alter this, except for cystine; both kidney and liver globulins 
lost much of their sulfur as hydrogen sulfide. The same occurred 
with cystine and cysteine. 

The amount of free amino nitrogen in liver and kidney globulins 
was greatly decreased (50 per cent) by hot alcohol extraction. 
Since there was no loss in total nitrogen, this decrease may be 
due to the formation of new anhydride linkages involving the 
¢-amino group of lysine and available hydroxyl groups. 

A lowered nutritive value of heat- or alcohol-treated proteins 
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may thus be caused primarily by the formation of new enzyme- 
resistant configurations involving essential amino acids. The 
bearing of this on the “biological value” of such denatured pro- 
teins is briefly discussed. 
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A COLORIMETRIC MICROMETHOD FOR THE DETER- 
MINATION OF SODIUM WITH MANGANOUS 
URANYL ACETATE 


By ERNST LEVA 
(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati, Cincinnati) 
(Received for publication, November 9, 1939) 


When a solution of manganous uranyl acetate in dilute acetic 
acid is added to a solution containing sodium ions, the sodium is 
quantitatively precipitated as sodium manganous uranyl acetate 
according to the following equation 


Nat + Mn(CH;COO), + 3(U0;)(CH;COO), + CH;COOH + 6H,0 = 
NaMn(UO;);(CH,;COO),-6H:O + H* 


This reaction is similar to that utilized by Barber and Kolthoff 
(1), who employed zinc uranyl acetate to precipitate sodium quan- 
titatively as the triple salt sodium zinc uranyl acetate. The 
use of such reagents for precipitating sodium originated from an 
observation by Streng who in 1886, while working on the analysis 
of minerals, reported to Fresenius (2) that his uranyl acetate 
reagent for sodium was greatly improved after the addition of 
magnesia. Chang and Tseng (3) used manganous uranyl acetate 
in a qualitative test for sodium and determined the composition 
of the precipitate as given above. 

In 1938 Woelfel (4) described a colorimetric method for the 
determination of sodium with this reagent. In his procedure, the 
precipitate was washed with a glacial acetic acid reagent, then 
treated with potassium periodate (5) to oxidize the manganese 
to permanganate, and the solution of permanganate thus obtained 
was compared with a suitable standard in a colorimeter. This 
method has several disadvantages and potential sources of error. 
These are due to the use of glacial acetic acid for washing the 
precipitate, to inconsistent values of the blank, and to the necessity 
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of preparing several standards. The method here described was 
designed to overcome these difficulties. In the new procedure 
the permanganate concentration is measured either by comparison 
with a standard solution of potassium permanganate in a colori- 
meter, or by direct measurement in the Evelyn photoelectric 
instrument (6). The blank is negligible. Large quantities of 
phosphate do not interfere. 

Reagents— 

1. 95 per cent alcohol. 

2. Manganous uranyl acetate stock solution. To 160.0 gm. 
of UO(CH;COO),-2H,0, 490.0 gm. of Mn(CH;COO),-4H,0, 
and 138.0 ce. of 30 per cent acetic acid add 1292.0 cc. of water, 
to make approximately 2 liters of solution. Pure manganous 
acetate should be in the form of pink lustrous crystals, free from 
grayish powder, and should be stored in a brown bottle. It must 
be stressed that gray amorphous material labeled only ‘““manganese 
acetate’”’ cannot be used in the preparation of this solution. The 
salts dissolve readily at room temperature if the bottle is shaken 
occasionally. The less soluble crystals of uranyl acetate may be 
crushed from time to time with a stout, flattened glass rod. As 
the salts dissolve, sodium impurities produce a fine, crystalline 
precipitate of the triple salt throughout the solution. This pre- 
cipitate settles out after a while, leaving a clear solution. 

Woelfel’s reagent, 25 per cent alcoholic manganous uranyl 
acetate solution, was found to decompose if it stood for a few 
weeks in an ordinary bottle exposed to sunlight. The odor of 
acetaldehyde of such a solution and the presence of a black pre- 
cipitate make it seem probable that hexavalent uranium is reduced 
and the alcohol oxidized. An aqueous stock solution was there- 
fore prepared and alcoholic dilutions were made from this solution 
as they were needed and kept in the dark. 

3. 25 per cent alcoholic manganous uranyl acetate solution. 
For each sample to be analyzed, take 9 cc. of Reagent 2, add 3 ce. of 
95 per cent alcohol, and mix. Cover and allow to stand, protected 
from direct light (in a cupboard), for 4 hours or longer. Filter 
the solution through a No. 42 Whatman or similarly retentive 
filter paper. The solution keeps for about 3 weeks if stored 
in the dark. 

4. Sodium manganous uranyl acetate salt. In a beaker add 
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125 ec. of manganous uranyl acetate stock solution (Reagent 2) 
to 2 cc. of a 5 per cent sodium chloride solution. Stir with a glass 
rod and allow to stand for about 4 hour to allow precipitation of 
the sodium salt. Draw off the supernatant fluid and transfer the 
precipitate to a 50 cc. centrifuge tube. Centrifuge and remove 
the supernatant fluid by suction through a capillary tube. Wash 
the precipitate by resuspension and centrifugation three times 
with 95 per cent alcohol and twice with ether, removing the 
supernatant fluid each time by suction. Allow the ether to 
evaporate and store the triple salt in a brown vial. 

5. Zine uranyl acetate stock solution (Barber and Kolthoff’s 
(1) reagent). 

In the preparation of Reagents 2 and 5 it is satisfactory to 
mix the constituents and dissolve them together at room tem- 
perature, rather than to dissolve them separately on the steam 
bath and mix while still warm, as recommended for the zine reagent 
by Barber and Kolthoff. 

To 160.0 gm. of UO, (CHsCOO),-2H,0, 440.0 gm. of 
Zn(CH;COO),-4H,O, and 138.0 cc. of 30 per cent acetic acid 
add 1342.0 cc. of water, to make approximately 2 liters of solu- 
tion. Dissolve the salts as directed for Reagent 2. 

The zinc uranyl acetate solution prepared according to Barber 
and Kolthoff must stand for 24 hours before it is used. This is 
to allow the solution to cool to room temperature and to obtain 
equilibrium between the dissolved and solid phases of the triple 
salt. If the reagents are mixed and dissolved as described here, 
the solution is ready for use after 4 hours. Like Barber and 
Kolthoff, we have found sufficient sodium present in these rea- 
gents, as impurities, to form a saturated solution. This was found 
also in the reagents used in preparing the manganous uranyl 
acetate solution (Reagent 2). Numerous workers, using modifi- 
cations of the Barber and Kolthoff method, report that solid 
sodium triple salt must be added in order to satdffite the zinc 
uranyl acetate solution. If the reagents have insufficient sodium 
impurity for saturation, an easier way to saturate the solution 
is to add 0.1 N NaCl to the double acetates until a precipitate 
persists. Only a few drops of the sodium chloride solution are 
required. 

6. 25 per cent alcoholic zine uranyl acetate wash solution. 
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For each sample to be analyzed, take 12 cc. of zinc uranyl acetate 
solution (Reagent 5) plus 4 ce. of 95 per cent alcohol. Saturate 
this solution with manganous triple salt by adding 20 mg. of solid 
triple salt (Reagent 4), measured sufficiently accurately from 
the tip of a spatula, to each 100 cc. of this solution. Allow to 
stand 1 hour or longer with occasional shaking, and filter through 
Whatman No. 42 or similarly retentive filter paper. This solution 
keeps for at least 3 weeks in the dark. This reagent must not be 
contaminated with manganese Reagents 2 or 3. 

7. Potassium periodate solution. Rinse 2.5 gm. of powdered 
KIO, into a 1000 cc. volumetric flask with about 400 cc. of water; 
add 100 ec. of 85 per cent phosphoric acid and shake the flask 
until the periodate is dissolved. Fill to the mark with water 
and mix. Keep the solution in a refrigerator. The solution 
turns slightly pink, probably on account of traces of manganese 
in the phosphoric acid, but this coloration does not affect the 
determination. 

8. 20 per cent trichloroacetic acid. Dissolve 200 gm. of tri- 
chloroacetic acid, c.P., in water, dilute to 1 liter with water, mix, 
and filter, if necessary. Keep in a refrigerator. 

9. Potassium permanganate stock solution. KMnQ, crystals, 
dried to constant weight over sulfuric acid, must be standardized 
by titration with standard oxalate solution. The stock solution 
should be about 1.4 mm. Weigh accurately about 0.2200 gm. 
of the dried crystals; transfer these with water to a 1000 cc. volu- 
metric flask, taking care that all crystals are dissolved. Add 
200 ce. of periodate solution (Reagent 7), fill to the mark with 
water, and mix. If thesolution is stored in a glass-stoppered 
brown bottle, protected from dust, it keeps for at least 6 months. 


Procedure 


For deproteinization with trichloroacetic acid, a dilution of 
1:25 or mo used in order to minimize the error due to the mass 
of the protein precipitate. 

Deliver 0.10 or 0.20 cc. of whole blood, serum, or urine into 
a 5 ec. volumetric flask containing 0.5 cc. of 20 per cent trichloro- 
acetic acid. Fill to the mark with water and shake thoroughly. 
Foam may be dispelled by touching the surface with a fine wire 
dipped in caprylic alcohol. Filter. The trichloroacetic acid may 
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be omitted with protein-free materials. A blank, the blood 
omitted, may be carried through the procedure. If the reagents 
are pure, this blank should be negligible. 

For duplicate analyses, transfer 1 cc. volumes of the clear, 
protein-free filtrate into conical 15 cc. (preferably graduated) 
centrifuge tubes. Add about 9 cc. of the 25 per cent alcoholic 
manganous uranyl acetate solution (Reagent 3) and mix well, 
with a fine glass rod, freshly cleaned with sulfuric-chromic acid 
mixture. The precipitate appears usually within a minute. 
Rinse the rod with about 1 cc. of the reagent. Cover the tubes 
with rubber caps and allow them to stand protected from direct 
light for at least 4 hours or, preferably, overnight. Centrifuge 
the tubes while covered with the rubber caps and remove the 
supernatant fluid by suction through a capillary tube. 

To wash the precipitate and the inner wall of the tubes freeof 
manganese, use about 4 cc. of washing solution (Reagent 6) de- 
livered from a pipette, and suspend the precipitate in the washing 
fluid by stirring with a fine glass rod. Rinse the glass rod with 
about 1 cc. of washing fluid. Centrifuge the tubes again, remove 
the supernatant fluid, and repeat the washing twice as before. 
For the third washing, merely add 4 to 5 cc. of washing solution; 
resuspension of the precipitate in the washing solution is not 
necessary. 

To evaporate the alcohol, place the tubes in water, raise the 
temperature of the water slowly to the boiling point, to prevent 
sputtering, and evaporate most of the remaining supernatant fluid 
in the tubes. If the heating is done under a hood, the alcohol 
will have completely evaporated after boiling for about 15 to 
20 minutes. 

Add about 10 cc. of KIO, solution (Reagent 7) to the tubes. 
Stir with a glass rod to dissolve the salt and place the tubes in 
boiling water for about 10 to 15 minutes. After cooling, transfer 
the solutions quantitatively to volumetric flasks. 25 or 50 cc. 
volumetric flasks, respectively, are used for 0.10 or 0.20 cc. samples 
of blood. Fill the flasks to the mark with water and mix. 

The sodium concentrations are now determined by comparing 
the samples with a KMnQ, standard in a comparison colorimeter, 
or by reading the per cent light transmission of the samples in 
the Evelyn photoelectric colorimeter. 
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For the comparison colorimeter, the KMnQ, standard is prepared 
by diluting 4 cc. of the KMnQ, solution (Reagent 9) to 50 ee, 
with water. If 0.10 cc. of sample was used, only 2 cc. are thus 
diluted. The standard is set at 20 mm. 


Calculation— 


20 X mm KMnQ, in standard X 1000 : ' 
: ———— = mM sodium per liter 
Reading X cc. of sample precipitated 





For reading in the Evelyn photoelectric colorimeter, Filter 
520 is used. 

Calculation—Density' X factor = mm of Na per liter or mg. of 
Na per 100 ce. 

This is derived from 


Density < 1000 


39.27 X (100/(volume oxidized solution)) X cc. 
sample analyzed 





= mM Na per liter 


The following precautions, recommended by Evelyn, are es- 
pecially necessary in this method. The hairline of the galvanom- 
eter must be at rest at the 0 position of the scale after the gal- 
vanometer lamp has been turned on. After the instrument has 
“warmed up” for about 1 hour, the position no longer shifts. 
Variations in the transmission readings of the Evelyn tubes for 
different positions in the socket must be excluded by calibration. 
A mark is scratched on the tube and readings are always taken 


1 Density, Evelyn’s L value, is obtained from G, the corrected galvano- 
meter reading, either directly from Evelyn’s table or by the equation L = 
2 — log G. The value 39.27 (density of 1 mm KMnQ, in 100 cc.) should 
be redetermined for each laboratory. To express the concentration of 
sodium in terms of mm per liter or as mg. per 100 cc., the density value 
may be multiplied with the appropriate factor from the following tabu- 
lation. 




















“a 
Blood serum : : a8 Factor for multiplying 
; After addi- | Trichloro- Dilutio . : ; 
or urine for | ‘tion to tri- | acetic ‘acid | after oxida- Resivelont | censlly lanenan 
acetic acid | CBloroacetic |filtrate taken) tion with phn 
ppta acid made | for analysis KIO, For mm Na |For mg. Na 
: up to | per liter | per 100 ce. 
ce. ce. cc, ce, | ce. | 
0.10 5 1 2% | 0.02 |/ 
0.20 5 1 50 0.04 318.3 | 732.1 
1.00 = ae 50 | «(0.08 || | 
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with the calibration mark placed directly above the white line 
on the tube carrier. 


EXPERIMENTAL 


0.2300 gm. of potassium permanganate crystals, dried to con- 
stant weight over sulfuric acid, was dissolved in water and made 
to 1 liter. By standardization against oxalic acid, the solution 
was found to be 1.426 mm. 

Permanganate has a minimum light transmission at wave-length 
close to 520 my. Therefore, Filter 520 supplied by the manu- 
facturers of the Evelyn instrument has been used. 

From the 1.426 mm potassium permanganate solution various 
dilutions were prepared and the per cent transmission readings 
made in the Evelyn photoelectric colorimeter. The densities 
plotted against the concentrations formed a straight line, going 
through the origin. The mean of eighteen values of the density 
of 1 mm permanganate per 100 cc. was 39.27. This factor is ap- 
parently not influenced by temperature changes between 15-27°. 
The presence of ions other than permanganate did not interfere. 
This is in agreement with the recent results of Mehlig (7). 

Since the manganous triple salt contains 1 mole of Na per mole 
of Mn, the factor 39.27 has been used to calculate the sodium 
concentrations of the samples. 

After these experiments with pure potassium permanganate 
solution, 0.1 to 0.5 mg. samples of sodium, from a standard sodium 
chloride solution, were precipitated, washed, and oxidized ac- 
cording to the method of Woelfel (4). The density values of 
these solutions were determined and their sodium equivalencies 
calculated. Losses of about 0.03 mg. of sodium had occurred. 
These losses were approximately constant, regardless of the size 
of the sample. The per cent error in the recovery of sodium, 
therefore, increased with decreasing amounts of sodium in the 
sample. This finding indicated that the loss of precipitate oc- 
curred during washing with glacial acetic acid reagent. Other 
washing solutions were then tried. 

95 per cent and absolute alcohol, saturated with sodium man- 
ganous uranyl acetate, were found to be unsatisfactory because 
these reagents decomposed after standing for a few weeks, with 
the formation of higher oxides of manganese. 

With a washing solution of equal parts of 95 per cent alcohol 
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and ether, in which the triple salt is practically insoluble, con- 
sistent results were obtained. The recovery of sodium from 
solutions of sodium chloride was, however, about 2 per cent too 
high (see Table I). 

When any of these washing solutions was added to the man- 
ganous uranyl acetate solution remaining in the centrifuge tube, 
additional triple salt crystallized out, thus giving rise to a “blank.” 
When 95 per cent alcohol and ether washing solution was used, 
the blank amounted to about 8 to 12 micrograms of sodium. If 
the tubes drained uniformly, the blank should be constant. But 
even tubes which had been thoroughly cleaned with hot sulfurie- 


TaBie I 
Per Cent Recovery of Sodium (0.03 to 0.27 Mg. Samples) from Solutions of 
NaCl and of NaCl Plus KH,PO, (Molar Ratio Na:P = 11.0), after 
Washing Precipitates with Equal Parts of Alcohol and Ether or 
with 25 Per Cent Alcoholic Zinc Uranyl Acetate 
Solution (Reagent 6) 

















| | No. of Mean 
Material Washing solution | observa- recovery 8.D.* 
tions of Na 
| | per cont 
NaCl | Equal parts 95% aleo-| 45 102.0 1.75 
“ + KH,PO, hol and ether 20 101.3 1.60 
" | 25% alcoholic zinc | 18 100.7 1.8 
“ + KH,PO, | uranyl acetate | 18 100.2 2.3 











Og hk sum of squares of differences of each observation from mean 
a, total No. of observations P 


chromic acid mixture frequently were found to retain drops of 
manganous uranyl acetate solution, especially near the mouth. 
The error due to this was minimized by wiping the tubes, around 
the mouth and inside to a distance of 2 to 3 cm., with cotton 
wound around a wooden stick and moistened with the alcohol 
and ether solution. 

Because the blank with alcohol and ether as washing solution 
was too large and irregular, other attempts were made to find 
a more satisfactory washing solution. Finally, a 25 per cent 
alcoholic solution of Kolthoff’s zinc uranyl acetate reagent, satu- 
rated with sodium manganous uranyl acetate, was tried and found 
satisfactory (Reagent 6). This solution has the same alcoholic 
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content as the precipitating reagent and, therefore, should not 
precipitate triple manganous salt from the supernatant solution 
remaining in the tube. Furthermore, its solubility for the man- 
ganous triple salt is so small that after the precipitate is washed 
the liquid remaining in the tube does not contain significant 
amounts of manganese. Therefore, draining and wiping are un- 
necessary. The size of the blank is negligible. As shown in 
Table I, this solution (Reagent 6) led to satisfactory recovery of 
sodium from solutions of sodium chloride. 

Determination of Sodium in Presence of Phosphate—If manganous 
uranyl acetate solution (Reagent 6) is added to a solution of a 
sodium salt containing phosphate, uranyl phosphate is precipitated 
together with the triple salt. Although the precipitate of uranyl 
phosphate should not interfere with the determination of sodium 
in this method, Woelfel found that unless phosphate was re- 
moved, previous to the determination of sodium, too high results 
were obtained by his method. Data in Table I show that, with 
a molar ratio of Na:P = 11.0, P does not interfere with the de- 
termination by the method here described. In another set of 
experiments, 1 cc. samples of a standard sodium chloride solution 
were diluted with increasing amounts of a solution of phosphoric 
acid and made to 25 cc. volumes. The molar ratios of P:Na in 
these preparations ranged from 0 to 0.84. Sodium was determined 
in 1 ce. aliquots. The values for sodium found in this set of 
experiments varied by not more than +1.5 per cent from the 
theoretical, after correction for the blank due to the sodium im- 
purity found in the phosphoric acid. 

The acidity of the phosphoric acid did not affect the results, 
owing to the buffer action of the manganous uranyl! acetate solu- 
tion. In another experiment, 0.12 mg. of sodium, in the presence 
of 4 milliequivalents of H,SO,, was recovered without loss. 

It may, therefore, be concluded that phosphate of blood, tissues, 
and urine need not be removed prior to the determination of 
sodium by this method. 

In Table II values for sodium in urine, whole blood, and serum, 
determined by this method, are compared with values found by 
the gravimetric method of Butler and Tuthill (8). In the latter 
method phosphate was removed from urine and whole blood by 
powdered calcium hydroxide. 
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; Influence of Potassium on Determination of Sodium—The in- 
4 fluence of potassium on the determination of sodium was tested 1 
by analysis of a standard sodium chloride solution and of a urine 
low in potassium, to both of which various quantities of potassium 





] 

; Tass Il 
Comparison of Sodium Values in Urine, Whole Blood, and Serum 
The results are expressed in milliequivalents of sodium per liter. 
. 

| 














Manganous urany! acetate 
Gravimetri- meth 
Material cally, Butler 

and Tuthill (8) Giiaten Photoelectric 

Urine 88.0 88.0 87.7 

168.2 170.5 170.1 | 

¥ 58.4 58.4 58.0 | 

j 76.4 76.0 75.7 ! 

68.8 68.8 68.1 | 

32.5 32.8 32.8 | 

40.3 40.3 40.2 | 
! 16.2 16.3 16.3 
if Whole blood, normal 89.2 89.0 
\ 83.4 83.3 
4 85.5 84.5 
4 97.0 98.0 97.0 
; 94.1 93.7 93.0 
r Serum, normal 142.2 141.3 
140.9 139.4 
y 139.0 138.0 
j 142.1 140.1 
144.4 143.6 
: 141.6 142.7 
d 147.6 146.9 
: Serum, Addison’s disease 113.0 112.8 112.9 
: “ * ” 116.5 116.1 
: 7 “ 112.0 113.6 112.4 
; “ « * 134.0 132.7 132.2 














; chloride solution were added. Sodium in the presence of potas- 
; sium chloride was then determined by the colorimetric manganous 
uranyl acetate method and by the gravimetric zinc urany] acetate 
method. For both methods it was found that, when the molar 
} ratio of K: Na was 1.5 or less, there was no interference by potas- 
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sium chloride. With both methods, when 3 to 4 times more K 
than Na were present, the results were 3 to 4 per cent too high. 
With higher K:Na ratios, the errors increased sharply. 

Manery and Hastings (9) who have recently reported high 
results with the gravimetric zinc uranyl acetate method, applied 
a correction of 3 to 5 per cent in the analysis of tissue. If, instead 
of applying a correction, one wishes to reduce the potassium con- 
centration to a level where it does not interfere, potassium may 
be removed by precipitation as the perchlorate. In order to 
test the removal of potassium by this method, determinations 
of sodium were made on a sample of serum to which varying 
amounts of potassium chloride solution were added. The molar 
ratios of K: Na in the samples ranged from 2.0 to 7.0. The samples 
were deproteinized with trichloroacetic acid according to the 
procedure here described and aliquots of the protein-free filtrates 
containing at least 0.2 mm of potassium were evaporated to dryness 
on the steam bath. The residues were dissolved in 2 cc. portions 
of water and 1 cc. of a saturated solution of ammonium perchlorate 
was added to each. The KClO, crystals were removed by centri- 
fugation and 2 cc. portions of the supernatant fluids were diluted 
with water to such a volume that 1 cc. contained approximately 
0.1 mg. of sodium. The Na concentration was then determined 
as described above. The excess ammonium perchlorate was 
found not to interfere with the determination. The values for 
sodium found in these preparations were in close agreement with 
values for sodium found in the samples of serum without added 
potassium chloride. 

Size of Sample and Concentration of Permanganate Solution— 
The data in Table I show the results of analyses of samples of 
sodium chloride ranging from 0.03 to 0.27 mg. of sodium. In 
order to have the readings of the galvanometer of the Evelyn 
instrument fall between 10 and 90 per cent, the volumes of the 
permanganate solutions should be 25 or 50 cc. for from 0.03 to 
0.12 mg. of sodium (about 0.01 to 0.04 cc. of serum). For from 
0.06 to 0.09 ce. of serum the volume should be 100 cc. 

Usually 0.04 cc. of protein-free blood or serum (1 cc. of a 1:25 
dilution) was employed and made to 50 cc. for colorimetric meas- 
urement. 
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The packed precipitate of a sodium sample of convenient size 
occupies about 0.15 cc. or less. If too large a sample has been 
precipitated, as sometimes may happen with urine, the precipitate 
may be dissolved in a suitable volume of water before oxidation, 
and part of this solution may be taken for oxidation with potas- 
sium periodate. If the solution of the triple salt, oxidized and 
made to volume, should prove to be too concentrated, part of 
it may be diluted with water to a suitable volume and then com- 
pared in the colorimeter or read in the photoelectric colorimeter. 

Quantities of 0.008 to 0.01 mg. of sodium have been determined 
photoelectrically by this method with an accuracy of +8 per cent. 
The samples were allowed to stand overnight for complete precipi- 
tation of the triple salt, 5 cc. of potassium periodate were used 
for oxidation, and the solution was made to 10 cc. for colorimetric 
measurement. Although no special precautions regarding tem- 
perature were found necessary in the determination of sodium by 
this method, care was taken to saturate the precipitating and 
washing reagents with the triple salt at approximately the same 
temperature as that at which the sodium precipitate was 
centrifuged. 

The precipitating reagent might be improved by increasing 
the alcohol concentration to the maximum that would leave suf- 
ficient manganous uranyl acetate in the solution. A precipitating 
reagent containing 50 per cent alcohol by volume followed by a 
washing solution of the same alcoholic content has been found 
satisfactory. 


SUMMARY 


A micromethod for the determination of sodium is described. 
Sodium is precipitated by manganous uranyl acetate as the triple 
acetate, and the precipitate is washed with a solution of zinc uranyl 
acetate saturated with the manganous triple salt and having the 
same alcoholic concentration as the precipitating reagent. The 
precipitate is treated with potassium periodate and the solution 
of permanganate thus obtained is measured by comparison with 
a standard of potassium permanganate in a colorimeter or directly 
in the Evelyn photoelectric colorimeter. Phosphate in biological 
material does not interfere. Potassium causes high results if the 
molar ratio of K: Na in the sample exceeds 1.5. 
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PURIFICATION OF THE CHROMATOPHOROTROPIC 
HORMONE OF THE CRUSTACEAN EYESTALK* 


By A. A. ABRAMOWITZ 
(From the Marine Biological Laboratory, Woods Hole) 


(Received for publication, November 6, 1939) 


The chromatophorotropic hormone of the crustacean eyestalk 
was discovered in 1928 by Perkins (1) and somewhat later by 
Koller (2). This hormone was characterized as a water-soluble, 
heat-stable substance, effective over a wide dilution range. Very 
little further information concerning the chemistry of this hormone 
was added during the next 10 years, most of the attention being 
directed to its physiological properties. Recently, Carlson (3) 
and Abramowitz (4) added further properties—its solubility in 
the lower alcohols, its insolubility in most common organic sol- 
vents, its relatively small molecular size, and its behavior towards 
acid and basic hydrolysis. The introduction of a method of bio- 
logical assay for this hormone by Abramowitz (4) and Abramowitz 
and Abramowitz (5) afforded a more quantitative treatment which 
had been lacking, and the purification of the material was at- 
tempted on the basis of its known properties, by fractional pre- 
cipitation from alcoholic solutions (4, 5). Only slight progress 
was made, however, owing to the obvious limitations of such a 
method in dealing with a substance of unknown chemical nature. 

Since the eventual isolation of this physiologically powerful 
substance will depend partly on the recognition of its chemical 
nature, the problem was reinvestigated, and the results are pre- 
sented in this paper. A study of the reactions of this hormone, 
which will be described briefly below, has indicated that the mate- 
rial is probably a nitrogenous base, and a valuable purification has 
been effected upon the basis of its basic properties. 


* Aided in part by a grant from the Rockefeller Foundation adminis- 
tered by Professor F. L. Hisaw. 
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Methods 


The tissue used for extraction was the eyestalks of the fiddler 
crab, Uca pugilator. The eyestalks were cut from hundreds of 
animals and kept at 3° until sufficient material was accumulated. 
The dry weight of an average eyestalk is 2 mg., and consequently 
250 animals had to be operated on to obtain a gm. of tissue. 
Usually, 0.5 to 1.0 gm. of material was worked up at one time, 
The method of gaging the amount of hormone was that described 
by Abramowitz and Abramowitz (5). 


EXPERIMENTAL 


Standard Tissue Powder—Several eyestalks were dried, pul- 
verized, and the powder extracted three times with distilled water 
and the extract assayed. The activity of these extracts in terms 
of the weight of the powders used varied from 6000 to 1000 Uca 
units per mg., depending on the freshness of the material, size of 
the animals from which the eyestalks were removed, ete. When 
larger amounts (0.5 to 1.0 gm.) of eyestalks were powdered, the 
activity averaged 2000 Uca units per mg. This value was taken 
as a comparison standard. 

Extraction—1 gm. of eyestalks was ground thoroughly with 
15 cc. of distilled water. The soluble portion was decanted, and 
the residue reextracted twice in the same fashion. The combined 
extracts (45 cc.) were heated to 100° for 5 minutes, and filtered. 
The residue was washed with 5 cc. of water, and water was added 
to the filtrate and washings to make 50 ce. of solution. 1 ce. of 
solution then contained the equivalent of ten eyestalks. About 
30 per cent of the solid material and practically all of the activity 
were extracted. The aqueous extract (pH 6.0 to 6.5) was slightly 
turbid, orange in color, with a total activity of 2 x 10° Uca units, 
or about 6000 Uca units per mg. Attempts to improve the yield 
in terms of activity per mg. of solids by initial extraction with 
dilute alcohol (60 to 80 per cent) were unsuccessful, nor did more 
acidic extracts improve the yield significantly. 

Fractionation with Barium Hydroxide or Lead Subacetate— 
Recrystallized barium hydroxide was added to the aqueous ex- 
tract until the pH of the solution was 8.0 to 8.5. The copious 
precipitate which resulted was discarded after centrifuging. 
The supernatant solution (colored lemon-yellow) contained 
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practically all of the activity. Excess barium was removed as 
the sulfate, and the solution brought to neutrality. 

The aqueous extract can also be fractionated with lead sub- 
acetate, which was added to the initial extract until no further 
precipitation occurred. More inert material is brought down than 
with barium hydroxide. After centrifugation to remove the lead 
salts, the supernatant solution (possessing a greenish yellow tinge) 
was treated with sulfuric acid to remove excess lead, and adjusted 
to neutrality with saturated sodium hydroxide. 

Adsorption—Washed fullers’ earth (0.5 gm.) was added to the 
neutralized solution with stirring. After several minutes, the 
solution was centrifuged and the adsorbate rejected. A slight 
loss in activity occurred at this stage but it was not appreciable. 
The supernatant solution was now colorless and water-clear, and 
still possessed practically all of the activity originally present. 

Formation of Silver Salt—A slight excess of silver nitrate was 
added to the solution previously brought to pH 2.5 to 3.0 with 
nitric acid. The resulting precipitate of silver salts was dis- 
carded after centrifuging, and the supernatant solution brought 
to pH 8 to 9 with saturated baryta water, and centrifuged. The 
precipitate was dissolved in nitric acid at pH 3.0 with gentle warm- 
ing. Solution is almost complete and, after rejection of the in- 
soluble material, the solution was brought to pH 7.2 with baryta. 
The precipitate, which contained most of the activity, was de- 
composed with 10 per cent hydrochloric acid in slight excess, and 
the solution diluted to 10 cc. with water and centrifuged free of 
silver chloride. The latter was washed with small amounts of 
distilled water and the washings added to the main solution con- 
taining the activity. The combined solution was adjusted to 
pH 7.0 with saturated sodium hydroxide and centrifuged free of 
insoluble material. The supernatant solution contained about 
one-third of the activity originally present. 

Formation of Phosphotungstate—The solution (20 cc.) was ad- 
justed to pH 2.8 with sulfuric acid, and the sulfates removed. 
A few pinches of phosphotungstic acid crystals were added with 
stirring to the supernatant liquid, and the solution placed at 
0° for a few hours. The phosphotungstates were removed by 
centrifuging and decomposed with small amounts of cold, satu- 
rated barium hydroxide. The soluble portion was decanted, and 
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the residue triturated two more times in the same fashion, and 
then discarded. The combined solutions (5 cc.) were then ad- 
justed with sulfuric acid to pH 7.5, and the sulfate removed. 

Extraction with Alcohol—The slightly alkaline solution of the 
hormone was added to 95 cc. of ethyl alcohol with stirring, and 
centrifuged. The insoluble material was discarded, the excess 
barium was removed from the supernatant solution as the car- 
bonate, and the alcoholic solution evaporated to dryness. The 
residue is a hard, white crystalline mass containing both organic 
and inorganic material. Extraction of this residue with small 
amounts of hot alcohol and evaporation of the extracts yielded 
smaller residues of the brittle crystalline mass. The activity of 
the material from this and other batches worked up in similar 
fashion was from 200,000 to 400,000 Uca units per mg. This 
represents a 100- to 200-fold increase in purity, and retains about 
10 to 20 per cent of the activity originally present. 

Other Properties—The activity of the various fractions has been 
given in round figures, since the biological method of assaying the 
extract is not very accurate. It is, however, the only method at 
present of following the activity. Another difficulty was the 
minuteness of the purified material for dry weight determination, 
All of the final solution had to be dried in order to obtain sufficient 
material that could be weighed without great error. The greatest 
difficulty, however, lies in the paucity of material for extraction 
and in the minute amounts of hormone present in the eyestalk.' 
Consequently, it is difficult to denote the above reactions in 
unqualified terms as properties of the hormone itself and not 
artifacts due to the adsorption of the hormone to other larger 
constituents of the extract. However, the various steps have 
been performed singly on crude extracts, and in varying sequence, 
and it can be stated with a good deal of assurance that the ac- 
tivity has always been found as stated in but one respect. The 


1 Of interest is the rough calculation of Abramowitz and Abramowitz (5) 
that one eyestalk of Uca contains about 0.2 microgram of hormone. A 
much better starting material than the whole eyestalk would naturally be 
the sinus gland of the eyestalk, the minute gland which produces the 
hormone. The initial aqueous extract of the gland would be 100 or more 
times purer than that of the entire eyestalk, but it would be an almost 
herculean task to obtain even a gm. of sinus gland tissue. 














J wa — >. 


“ 


i i a Cd 








A. A. Abramowitz 505 


silver fractionation has not been found to give constant results. 
The purine fraction is always mainly inactive. It is, however, 
sometimes necessary to saturate the solution with baryta to bring 
down most of the activity. Proline fractions are always active 
though slightly so. The histidine fraction was usually taken 
because of the slight precipitate in comparison with that of the 
combined histidine and arginine silver fractions. 

The purified solutions formed good precipitates with gold chlo- 
ride in the presence of hydrochloric acid. With mercuric acetate 
in alcoholic medium, it forms a white granular precipitate. Amor- 
phous precipitates are formed with flavianic and picrolonic acids. 
The activity of the solutions treated in these ways must go with 
the precipitate, since the supernatant material is mainly inactive. 
A good deal is lost, however, especially in the formation of the gold 
salt, because complete recovery has not been obtained after de- 
composition. 

Physiological Properties—There is considerable difference of 
opinion concerning the number of chromatophorotropic hormones? 
produced by the eyestalk, varying estimates of from one to nine 
or more having been made. The consensus of workers appears to 
favor several hormones in operation, but the final answer to this 
problem can be given only by the separation or isolation of the 
various principles. The purified material was injected into 
Palemonetes and Crago in a concentration of 1 eyestalk per ce. 
of solution. Both specimens responded promptly by the forma- 
tion of the pale phase. Thus, no qualitative separation had oc- 
curred, but it must be emphasized that this result can have no 
bearing on the question, since the material, though in a purer 
state than has been hitherto obtained, is still far from being pure. 
The observation does indicate, however, that if several chroma- 
tophore hormones are present, they are probably closely related 
substances. 


SUMMARY 


The chromatophorotropic hormone, or hormones, in the eye- 
stalks of Uca pugilator reacts in a characteristic fashion for amino 
bases. It has been purified 100- to 200-fold by precipitating inert 


*See the review by Abramowitz (6). 
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material with barium hydroxide or lead subacetate from initial 
aqueous extracts. Further impurities are removed by adsorption. 
The activity is precipitated in the histidine silver fraction, and 
then converted into the phosphotungstate. After decomposition 
of the latter, the hormone is dissolved in alcohol in a slightly 
alkaline medium and dried. 
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ANEMIA IN CHICKS CAUSED BY A VITAMIN 
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Hogan, Boucher, and Kempster (1) succeeded in formulating 
a simplified ration for the chick which for many months seemed 
to be entirely adequate. In later studies, however, the earlier 
success could not always be duplicated, and eventually it de- 
veloped that the inconsistencies were due to variability of the 
commercial liver extracts employed. An attempt was made to 
eliminate the source of this difficulty, and while these studies 
were in progress it was observed that some of the chicks were 
severely anemic. It seemed clear that this was a deficiency 
disease, and that the antianemic vitamin is not identical with 
any other now recognized. 

The purpose of this investigation was (1) to devise a technique 
by which the anemic condition is produced consistently and (2) 
to observe alterations in the red blood cells that might be asso- 
ciated with the anemic condition. 


EXPERIMENTAL 


Day-old single comb white Leghorn chicks were used exclus- 
ively, and all rations were of the simplified type. The cages and 
method of handling are described in an earlier publication (2). 

The liver extract in use when the first cases of anemia developed 
was the portion of the water extract of liver which is soluble in 
70 per cent alcohol, and it is used in the treatment of pernicious 
anemia. When the anemia was first observed, only a small quan- 
tity of the preparation then in use was available, and all attempts 


* Contribution from the Department of Agricultural Chemistry, Mis- 
souri Agricultural Experiment Station, Journal Series, No. 623. 
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to repeat the observation with subsequent shipments failed com- 
pletely. It was finally decided to prepare the extracts in the 
laboratory, with pork liver as the raw material, and by the pro- 
cedure presumably followed in the manufacture of thecommercial 
product. The first trials with these were encouraging. The 
mortality was not excessive and severe anemia developed in 80 
per cent of the chicks. The second preparation of this extract, 
however, did not induce anemia and it was decided to modify the 
procedure in the hope that the inconsistencies might be eliminated. 
It seemed probable that the anemia-preventing factor is relatively 


TaBe | 
Composition of Rations 


Ration 3738 | Ration 3835* 








percent ay pu out 

I SLES Ee OE tet eee 35 | 35 
es «habe Shan 455s + a sincanynsndnss . 35 42 
Salts... AEE EO IEE 4 | 4 
Cellophane (Celta four).. De lee ae ie Mayr 3 3 
Lard.. , 1 pee | 8 7 
Cod liver ‘al. WR) Ae COR ee ee 2 2 
I «DEES 5 Bid « 6 sid Seibel «Jb. 0laVellelels | 4 4 
Acid-hydrolyzed yeast.......................... 4 

Ether extract of egg yolk..................... | 2 

Te tase kosncagcsapccbheccienss 1 | 1 
Liver extract (No. 3703)........................| 2 | 2 





* In addition each chick received daily 40 y of crystalline thiamine and 
20 y of crystalline riboflavin. 


insoluble in alcohol, so in subsequent trials the fraction of the 
liver extract was used which is soluble in 80 per cent alcohol. 
The results were again inconsistent, so it was decided to use still 
higher concentrations. Fresh liver contains approximately 70 
per cent of water and it is impractical to add enough commercial 
95 per cent alcohol to make the final concentration as high as was 
desired. In order to avoid this difficulty the liver was dried be- 
fore beginning the extraction. The fresh material was ground, 
spread in thin layers, and dried at a temperature below 70°. 
The dry material was reground, extracted with 95 per cent alcohol 
at 70°, and the extract was filtered while hot. Some of the lipids 
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separate out on cooling and these were filtered off and discarded. 
_ The filtrate was concentrated in vacuo to a dry matter content 
‘of approximately 50 per cent. This preparation, No. 3703, 
is superior to any other that has been investigated thus far. The 
rations we have used most successfully are described in Table I. 
Ration 3738 is a modification of the synthetic diet used by 
Hogan and Boucher, and it seemed probable that it is more 
complex than is necessary. Ration 3835! is simpler, but has not 
been used extensively enough to show decisively whether it is as 
satisfactory as Ration 3738. At the time the data for this report 
were assembled a total of 111 chicks, from several different 
hatches, had been supplied with these two diets. The mortality 
was 9 per cent and the incidence of anemia among the survivors 
was 100 per cent. In the interval between assembling the data 
and completing the manuscript a few additional chicks have been 
observed. Of sixteen chicks that received Ration 3738, there 
were four that did not survive long enough to become anemic. 
Of fifteen that received Ration 3835, only five survived long 
enough to become anemic. According to our tentative hypothesis 
Preparation 3703 is also deficient in at least one other unrecog- 
nized vitamin required by the chick, and if this deficiency is 
sufficiently acute the chicks die before observations can be made. 
The next problem is to develop methods of preparing extracts that 
are relatively free of the antianemic agent, but can be relied on to 
contain reasonable amounts of the other essential vitamins. 


Observations on Blood of Anemic Chicks 


Red Blood Cell Count—Doyle, Mathews, and Roberts (3) state 
that chicks, when confined, have red cell counts of from 2.0 to 
2.3 millions per c.mm. Kelly and Dearstyne (4) report that the 
number of red cells ranges from 2.02 to 3.49 millions per c.mm., 
but in the greater number of cases the count falls between 2.27 
to 3.01 millions per c.mm. Cook (5) included counts made by 
three other investigators, as well as by himself, and concluded 
that an average red blood cell count of 2.5 millions per c.mm. 
may be accepted as normal. This value is in satisfactory agree- 
ment with the average count obtained in this investigation. The 
averages of all observations which relate the erythrocytes to blood 


! The data on this ration were supplied by Dr. L. R. Richardson. 
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volume are shown in Table II. Chicks with a red cell count be- 
low 2 millions per c.mm., unless it increased the following week, 
were considered anemic. In most cases a red cell count of 2° 
millions would be followed by progressively lower values each 
week until the chick succumbed. 

Per Cent of Hemoglobin—In the preliminary studies the hemo- 
globin estimations were made with a Dare hemoglobinometer, 
but this method was soon supplanted by the procedure of Schultze 
and Elvehjem (6). Holmes, Pigott, and Campbell (7) reported 
that at the age of 6 weeks the blood of Rhode Island Red cockerels 
contains 9.7 gm. of hemoglobin per 100 cc., and the blood of 
pullets contains 9.6 gm. Harmon (8) did not mention the breed 
used, but reported that at 4 weeks of age the mean per cent of 
hemoglobin in the blood of cockerels is 8.62, of pullets 8.80. At 
8 weeks the percentages had risen to 9.78 for males, and 9.54 for 
females. Both reports indicate, as do our own studies, that in 
the early weeks of a chick’s life the percentage of hemoglobin 
is affected little or not at all by sex. 

Elvehjem and Hart (9) also used white Leghorns, but did not 
mention the sex or weight. The chicks were first made anemic 
by providing them with a ration deficient in iron, and then in a 
study of the anemia-preventing substance they were supplied 
with various iron compounds. The analyses indicate that a 
hemoglobin percentage of approximately 8 is a normal value, 
though in many groups the values were considerably lower. 
Hart, Elvehjem, Kemmerer, and Halpin (10) reported on the 
average hemoglobin content at various ages of the blood of nine 
groups of chicks which received practical chick rations. The 
highest average reported at 57 days was 7.14 per cent; the lowest 
was 6.22. The mean of our observations on chicks which re- 
ceived a normal ration was 7.36. A chick is regarded as definitely 
anemic if the percentage of hemoglobin falls below 5. 

Volume of Red Blood Cells—As will be shown later, the red cells 
of anemic chicks are larger than normal but since the decrease 
in number proceeds far more rapidly than the increase in size, the 
relative volumes of the packed cells are also a reliable index of the 
degree of anemia. As is shown in Table II, in severely anemic 
chicks this value is about 30 per cent of that of normal chicks. 
The Wintrobe (11) hematocrit tubes were used in making these 
estimates. 
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- Average Red Blood Cell Hemoglobin—Since the majority of the 
A red cells of the anemic chick is above the normal size, the actual 
a7 amount of hemoglobin per cell is also larger than normal. This 
n would be true even though the concentration of hemoglobin per 


cell were the same in each case. As is pointed out below though, 
the concentration of hemoglobin in the cells of anemic chicks is 
increased. This, with other observations, is shown in Table III. 

Mean Red Blood Cell Hemoglobin Concentration—Estimates of 
the amount of hemoglobin per cell show that it is markedly in- 
creased in anemic chicks. An analogous situation was found by 
Dallwig, Kolls, and Loevenhart (12) while studying the effects of 
low oxygen tension on dogs, rabbits, and rats. In most of their 
experiments there was an increase, 30 per cent in some cases, in 
the amount of hemoglobin per red corpuscle in response to a 


Taste II 
Weights of Chicks, and Relation of Erythrocytes to Blood Volume 
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Red blood cell 


volume 


Red blood cells Hb per 100 ce. 


Type of ration | Age Weight per ¢.mm. 











-— 


—- eS re | tr ov 


> ar OS. alr 


sel WhwOrlUlCU TCOrlUlC ChCOOrlT Chl 


Normal 
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producing 


wks. | 
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gm. 


| 381 + 35 


93 + 13 
129 + 23 
167 + 30 


millions 
2.7 + 0.29 
1.8 + 0.41 
0.7 + 0.37 
0.5 + 0.05 


per cent 
31.7 + 1.39 
23.7 + 4.63 
10.8 + 5.61 
8.0 + 1.28 




















decrease in partial pressure of oxygen, both at atmospheric and 
at reduced barometric pressure. 

Mean Red Blood Cell Width and Mean Red Cell Length—These 
measurements were taken on cells, chosen at random, from a 
blood smear stained with Wright’s stain. Very few measurements 
of red blood cells of the chick are available. Kaupp (13) states 
that the average diameter (width) of the red cell is 7 to 8 yw, and 
the average length is 12 to 13 uw, though these figures vary with 
different breeds. Kelly and Dearstyne (4) report that they range 
from 7 to 9 w in width and 11 to 15in length. From the measure- 
ments shown in Table III it is evident that the red cells of anemic 
chicks are larger than those of normals. 

Mean Red Blood Cell Volume—Since the red cells of anemic 
chicks are both longer and wider than those of normal chicks, 
one would expect that the volumes would also be greater than is 
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normal. At 4 weeks of age the red cells of chicks on anemia- 
producing rations were 25 per cent, and at 6 weeks they were 
33 per cent above the normal size. 

Fragility of Red Corpuscles—Destruction of red corpuscles goes 
on continually within the body and in certain pathological condi- 
tions this destruction is greatly accelerated, leading usually to 


Taste III 
Individual Red Blood Cells 
l | | Jon 
Hb cell } 
Type My Age wo Length | Width | Volume 
Weight | 











wks, Y per cent | a “ cu. microns 


Normal 6 |28 + 0.71/24 + 0.49/12.1 + 0.58 6.8 + 0.27119 + 3.56 
Anemia- 4 /36 + 5.9626 + 2.6613.6 + 0.59/7.3 + 0.69147 + 16.57 
produc- 6 47 + 9.8431 + 3.9614.2 + 0.66 7.2 + 0.39160 + 33.04 


ing 8 |53 + 8.9136 + 3.2815.0* 6.8* (149 + 26.86 


* Only one chick. 
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Fig. 1. The erythrocytes of normal chicks, indicated by broken lines, 
are much less resistant to hemolysis than those of anemic chicks, indicated 
by solid lines. 


anemia. It seemed desirable therefore to ascertain whether or 
not the red blood cells of the anemic chick are excessively fragile, 
as is typically the case in human hemolytic jaundice, or less 
fragile, as is the case in most other anemias. Fragility determina- 
tions were made by the method of Sanford, as described by Todd 
and Sanford (14). As shown in Fig. 1, the red cells of the anemic 
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chicks are more resistant to hemolysis than those of normal 
chicks. 

Blood Coagulation Time—A tendency towards delayed blood 
clotting time in chicks on certain synthetic rations was observed 
by Dam (15) and by McFarlane and coworkers (16), and later this 
tendency was attributed by Dam (17) to a deficiency of vitamin 
K. Since according to Almquist and Stokstad (18) the primary 
feature of a lack of this vitamin is the prolonged blood clotting 
time, it seemed desirable that some such determinations be made 
on the blood of the anemic chicks in this investigation. The blood 
coagulation time was obtained by placing several drops of blood 
(obtained with a platinum loop from a wing vein puncture) on a 




















Taste IV 
Coagulation Time of Blood 
Anemia-producing ration | Control ration 
Per cent Hb —_ 7 eae 
No. of No.of | Coagulati No. of No. of Coagula- 
chin | Fi = chicks sendban | tion time 
min. min. 
2.0-2.9 6 i) 2.6 | 
3.0-3.9 4 7 2.1 | 
4.04.9 <y a 2.5 | 
5.0-5.9 2 4 2.0 
6.0-6.9 6 8 3.2 3 3 1.4 
7.0-7.9 3 5 2.2 10 18 3.0 

















porcelain plate and drawing a needle through a drop at 30 second 
intervals. Zero time was recorded when the blood was placed 
on the plate and coagulation was considered as complete when the 
entire drop adhered together in a firm mass. 

Table IV gives some of the values obtained and demonstrates 
that the blood coagulation time of the anemic chicks is not pro- 
longed. All values obtained fall well within those for chicks on a 
stock ration. 

Anemia Not Due to Fasting—It is well known that the number 
of erythrocytes may be reduced as a result of fasting, but it did 
not seem probable that the anemia observed in this investigation 
was due to inanition, for in many cases there was a gain in weight 
with a simultaneous decrease in the number of erythrocytes. 





eg Se a ee 





AR 





514 Anemia Caused by Vitamin Deficiency 


The relation of partial inanition to the anemia was studied in a 
more direct manner, on chicks that had been made anemic by 
supplying them with Ration 3738. As a control one-half of the 
group was continued on Ration 3738 ad libitum. The others were 
given just enough of a ration composed of natural foodstuffs, 
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Fig. 2. The red blood cell count of chicks on Ration 3738 continued to 
decline. The rate of growth of chicks on Ration 3572 was retarded by 
limiting their food supply, but they recovered from anemia. 


Ration 3572,? to keep them at the same weight as those on the 
anemia-producing diet. The erythrocyte counts in the control 
group continued to decline, while those in the group that received 


* Ration 3572 contained whole wheat 57.6, casein 12.3, whole milk powder 
8.2, alfalfa meal 2.5, butter fat 4.2, cod liver oil 1, yeast 12, NaCl 0.9, and 
CaCO; 1.3. 
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Ration 3572 returned to normal. This demonstrates again that 
the anemia is not a direct consequence of an insufficient food 
supply. The data are summarized in Fig. 2. 

Nature of Antianemic Factor—It is impossible as yet to make 
any estimate of the number of unrecognized vitamins that are 
required by the chick but of those now recognized Jukes (19) 
lists nine, including vitamins A, B,, D, E, K, anti-gizzard erosion 
factor, antiencephalomalacia factor, and G (flavin and the filtrate 
factor). More recently Pappenheimer et al. (20) have reported 
that the antiencephalomalacia factor is vitamin E, so the number 
is reduced to eight. According to recent reports vitamin K (21), 
the filtrate factor (22, 23), and the anti-gizzard erosion factor (24, 
25) have also been identified. 

Presumably all the above factors have been included at some 
time or other in the rations used in this investigation. Vitamins 
A and D were supplied by cod liver oil; vitamin B, by tikitiki 
and liver extracts, and at times by crystalline thiamine; vitamin E 
was supplied in wheat germ oil; vitamin K by liver extracts from 
which the fatty portion had not been separated by ether, by ether 
extract of egg yolk, and by ether extract of alfalfa. Furthermore, 
hemorrhages were never observed and clotting time determina- 
tions, made at intervals throughout the investigation, failed to 
reveal any abnormality. 

Riboflavin was supplied in the liver extracts, although the 
amount supplied by these extracts may have been suboptimal. 
The addition of crystalline riboflavin increased rather than de- 
creased the incidence of anemia, owing to the fact that these chicks 
grew at a more rapid rate. 

It has been assumed that the anti-gizzard erosion factor is not 
related to the antianemic vitamin, because gizzard erosions have 
been observed in many chicks that were not anemic. Further- 
more the erosions were occasionally observed in chicks that had 
received rations which prevent anemia, or permit prompt recovery 
after it has developed. 

There is also no reason now to suppose that the filtrate factor, 
or pantothenic acid, is the antianemic vitamin. Dermatitis 
was never observed in any of the chicks, whether they became 
anemic or not. Furthermore, according to Elvehjem and Koehn 
(26) this substance is somewhat soluble in 95 per cent alcohol, 
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and it is not adsorbed on fullers’ earth. Our unpublished obser- 
if vations show that the antianemic agent is adsorbed on fullers’ 
4 earth at a pH of 1. Jukes (27) has reported that the filtrate fac- 
tor is soluble in 99.5 per cent ethyl alcohol, and his method of 
preparing crude preparations shows that it is not adsorbed on 
fullers’ earth. As additional evidence it may be stated that 
tikitiki, prepared by the method of Wells (28), contains little or 
none of the antianemic agent, though the publication of Jukes (27) 
1 indicates that it should be an excellent source of the filtrate factor. 
f There is no evidence as yet that the chick requires nicotinic 
acid, but it seems certain that this vitamin does not prevent this 
type of chick anemia. Four anemic chicks did not improve 
when supplied with 0.65 mg. daily of this compound. 

It is becoming increasingly difficult to select a suitable symbol 
for new vitamins, and a descriptive name is cumbersome. For 
convenience the factor that prevents the type of anemia described 

in this paper is designated as the B. vitamin. It belongs to the 
old vitamin B complex and the small c is added because this sub- 
b stance is essential for the chick. 
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SUMMARY 


When chicks receive a ration which contains the well recognized 
vitamins, and in addition a 95 per cent alcohol extract of liver, 
they grow slowly and become anemic. 

The red blood cell count, the per cent of hemoglobin in the 
blood, and the red cell volume are all decreased. 

The amount of hemoglobin per cell is increased. 

The red blood cells of anemic chicks are longer and wider 
than is normal and the volume of individual red cells is increased. 

The red blood cells of anemic chicks are less fragile than is 
normal. 

The blood of anemic chicks clots in normal time. 

The anemia is not due to fasting. 

The antianemic agent could not be identified with any vitamin 
previously described. 
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THE EFFECT OF PICRIC AND FLAVIANIC ACIDS ON THE 
POTENCY OF THE FOLLICLE-STIMULATING 
ANTERIOR PITUITARY HORMONE 


By H. JENSEN anv SIBYLLE TOLKSDORF 


(From the Biochemistry Laboratory, The Squibb Institute for Medical 
Research, New Brunswick) 


(Received for publication, October 9, 1939) 


In a recent publication Fevold reported that the follicle- 
stimulating hormone is precipitated and reversibly inactivated 
by the addition of picrolonic, picric, or flavianic acid. After 
| removal of these acids the follicle-stimulating hormone was pre- 
cipitated with tannic acid and was injected as an insoluble tannate 
(1). Fevold also found that the luteinizing hormone! is not in- 
activated by these protein precipitants. We have previously 
employed picric and flavianic acids in our attempts to achieve a 
chemical separation and purification of these two gonadotropic 
principles. We found, however, that the physiological activity 
of the picrates and flavianates was not impaired. In this com- 
munication we wish to present our data pertaining to the effect 
of picric and flavianic acids on the potency of gonadotropic frac- 
tions obtained from sheep pituitary. 


EXPERIMENTAL 


The animals used for the physiological standardization of the 
various preparations were 21 to 23 day-old normal female rats, 
three to six rats being used in each group. They received one 
subcutaneous injection daily for 3 days. Autopsies were per- 
formed 72 hours after onset of treatment and the degree of ovarian 
and uterine development, as well as ovarian weights, was recorded. 

The gonadotropic fractions used in these studies were a 40 
per cent alcohol extract from whole sheep pituitaries containing 


' It has been shown recently (2) that the luteinizing hormone fraction is 
identical with the interstitial cell-stimulating hormone. 
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both follicle-stimulating and luteinizing hormones, two follicle- 
stimulating hormone preparations of different potency, and a 
luteinizing hormone fraction. Their preparation and standard- 
ization in terms of rat units were carried out according to the 
methods previously published (2, 3). The tannates of the vari- 
ous fractions were obtained by adding a solution of tannic acid 
to the aqueous hormone solutions (pH 6) and the resulting sus- 
pension was injected as such. The picrates and flavianates were 
prepared by adding half the amount of acid, dissolved in water, 
to the aqueous hormone solutions (pH 6).* The precipitates 
were allowed to settle overnight, removed by centrifugation, 
washed, and dried with alcohol and ether. These fractions have 
been designated as ‘‘water-insoluble” preparations. The super- 
natants were poured into absolute alcohol, the final alcohol con- 
centration being 85 per cent. The resulting precipitates were 
centrifuged off, dried with alcohol and ether, and have been desig- 
nated as “water-soluble” fractions. For the biological tests the 
various preparations were administered as follows: (a) dissolved 
in water at pH 7.2 and given alone, (b) combined in vitro with 10 
rat units of chorionic gonadotropin (follutein, 0.05 mg., total 
dose per rat), and (c) combined in vitro with twice the amount of 
tannic acid except for the experiment recorded in Table IIT in 
which 1 mg. of tannic acid was used. All injections were given 
subcutaneously. 


Results 


The augmenting effect of tannic acid on different gonadotropie 
preparations is illustrated in Table I. This augmentation is 
generally considered to be due to a prolongation in the rate of 
absorption (4). Yet the effect of tannic acid on the response of 
the two gonadotropic hormones and their combination is markedly 
different. 

Table II shows the gonadotropic effect of an unfractionated sheep 
pituitary extract and its water-insoluble and water-soluble picrates 
and flavianates. It allows a comparison of the augmentation ef- 


* The amount of tannic acid used was usually twice that of the gonado- 
tropic preparation. 

5 No further precipitation occurred when the amount of the reagent was 
increased. 
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fect of tannic acid with the specific synergism of chorionic gonado- 
tropin. We have found that precipitation with either picric or 
flavianic acid is incomplete and that the material recovered from 


TaBie | 
Effect of Tannic Acid on Gonadotropic Potency of Sheep 
Pituitary Preparations 
Six rats were used in each group. 




















mg.) 


Alone Plus tannic acid 
————— —EEE > 7 | penne —$——___—_—___ — — o 
| | ef]. | bs 
= | == a g2 
Preparation, total dose 2 ineeeid 3f 2 
= | follicles | BE | — | Siseot follicles | if 
| | | =i i s 
; 2 
S| # 5 Z 
40% alcohol extract, 2| 39 |Medium) 2 | 106 | Large | 6 
mg. 
Same, 1 mg. 23] “ | 0 | 8 " 6 
Follicle-stimulating hor- | 30 os 0 | 43 Medium and! 3 
mone, 8 rat units (0.8 | | large 
Same, 4rat units (0.4mg.)| 29 | “ | 0 | 35| Large (4rats) | 1 
Interstitial cell-stimu- | 18 |Small 0 | 29 Medium large | 3 
lating hormone, 20 rat | (5 rats) 
units (1 mg.) | | | | 
Same, 10 rat units (0.5 | yy. « 0 | 19% Few medium! 0 
mg.) large (6 rats) 


Follicle-stimulating hor- | 31 [Medium| 2 | 53 | Large (5 rats) | 2 
mone, 4 rat units (0.2 | | 
mg.) + interstitial cell-| 
stimulating hormone, | | | 
20 rat units (1 mg.) | 

Follicle-stimulating hor- | 27 Large s:|ai°* @*) 
mone, 4 rat units (0.2 
mg.) + interstitial cell- 
stimulating hormone, 
10 rat units (0.5 mg.) 


3 


* Estrous uterus in four rats. 


the supernatants is of high follicle-stimulating potency. No 
attempt has been made to evaluate, on a quantitative basis, the 
distribution of the active material between the water-insoluble 
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and water-soluble substances. It may be noted that the picrate 
fractions seem to be more potent per mg. than the starting ma- 
terial, which may be due to a different rate of absorption. 

The gonadotropic effects of two follicle-stimulating prepara- 
tions and their various picrate and flavianate fractions are il- 
lustrated in Tables III and IV. As indicated in the combina- 
tion tests with chorionic gonadotropin, the follicle-stimulating 


TaB.Le II 


Effect of Picric and Flavianic Acids on Gonadotropic Potency of 
Unfractionated Sheep Pituitary Extract* 





Plus | 
10 rat bp 
Alone | units tom 
| follu- | aeid 

| teint | 


Preparation, total dose 7 : : _ ae See Pe 


Ovaries Size of follicles and corpora 

lutea) } 
mg. | | mg. mg. 
Sheep extract, 1 mg. 27 Medium only , | 
Picrate, water-insoluble, 1 mg. 47 |Larget 83 | 69 
” water-soluble, 1 mg. 31 |Medium only 116 | 64 
“ (insoluble) 0.5 mg. + | 28 |Larget 95 | 66 

picrate (soluble) 0.5 mg. | 

Flavianate, water-insoluble, 1 mg.| 26 Medium 81 46 
a water-soluble, 1 mg. 21 |Large 61 | 43 
" (insoluble) 0.5 mg. + | 26 |Medium and large 93 55 


flavianate (soluble) 0.5 mg. | 








* 40 per cent alcohol extract of acetone-dried whole sheep pituitary. 

ft 10 rat units of follutein gave 30 mg. ovaries containing a few corpora 
lutea. 

t Corpora lutea present. 





hormone shows no signs of being inactivated by the addition of 
picric or flavianic acid. Again, the supernatants, precipitated in 
alcohol and tested as the ‘‘water-soluble’’ fractions, prove to be 
highly active. 

¢ It may be mentioned in this connection that we occasionally 
; observed that the follicle-stimulating potency of sheep pituitary 
preparations was decreased after the addition of flavianic acid 
and we, therefore, abandoned the use of this reagent. We have 
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no explanation for this observation except that it may have been 
caused by too high a degree of acidity. But we wish to empha- 
size that the occasional partial destruction of the follicle-stimulat- 
ing hormone by flavianic acid is irreversible. With picric acid 


Taste Ill 
Effect of Picric and Flavianic Acids on Gonadotropic Potency of Hypophyseal 
Follicle-Stimulating Hormone 


Plus 
10 rat 
Alone units Plus 1 mg. tannic acid 

| follu- 
| tein® 


Preparation, lOvaries 
| (with 


| Ova- | Size of follicles follicles | O¥® | Size of follicles 
and 








\corpora 
| lutea) 
mg. | 

Follicle-stimulat-| 21 |Medium 


ing hormone, 4 | 


rat units (0.2, 

mg.) 
Picrate, water-in-| 19 | “ / 109 | 21 | Medium large 
soluble, 0.4 mg. 

Picrate, water-| 32 | “ large 91 


soluble, 0.4 mg. | 
Flavianate,water-- 19 Small and medium 68 | 21 | Medium and large 
insoluble, 0.4 











mg. 
Flavianate, water-| 31 [Medium 101 | 
soluble, 0.4 mg. | 








* 10 rat units of follutein gave 30 mg. ovaries containing a few corpora 
lutea. 


we have so far failed to observe any loss of the potency of the fol- 
licle-stimulating preparation. 


DISCUSSION 


The results reported in Tables I to IV permit the following 
conclusions. | 
The non-specific augmentation of pituitary gonadotropic frac- 
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tions by tannic acid (Table I) differs with the preparation used. 
The degree of augmentation of follicle-stimulating fractions with 
tannic acid depends on the purity of the material; t.e., a highly 
purified follicle-stimulating preparation will show only a slight 
increase of ovarian development and no marked change in ovarian 
weight at lower levels. The gonadotropic effect of a purified 


TaBLe IV 


Effect of Picric and Flavianic Acids on Gonadotropic Potency of Hypophyseal 
Follicle-Stimulating Hormone 





| Plus 
10 rat | 
Alone | units | Plus tannie acidt 
| follu- 
| tein* 
Preparation, total dose |Ovaries a 
—_ 
Ovaries | Pa Po follicles Ovaries fad 
corpora | 
lutea) | 
mg. mg. | mg. 
Follicle-stimulating hormone,8rat | 31 Large 98 | 73 | Larget 
units (2 mg.) 
Picrate, water-insoluble, 2 mg. ae 76 | 7 “*} 
Same, 1 mg. ai * 744/45 | “f 
Picrate, water-soluble, 2 mg. 43 ” 109 
Same, 1 mg. oS @ Re 146 | 
Flavianate, water-insoluble, 2 mg. | 24 Medium{ 68 | 65 | Large 
Same, 1 mg. 17 |Large 70 43 . 
Flavianate, water-soluble, 2 mg. 48 | “tf 63 
Same, 1 mg. 39 = 96 








* 10 rat units of follutein gave 30 mg. ovaries containing a few corpora 
lutea. 

t The amount of tannic acid was twice the weight of the protein material. 

t Few corpora lutea present. 


luteinizing (interstitial cell-stimulating) hormone preparation, on 
the other hand, is definitely increased by the addition of tannic 
acid. While 20 and 10 rat units of interstitial cell-stimulating 
hormone have no marked influence on the infantile ovary when 
administered alone, corpora lutea, follicular development, and 
estrous uteri are observed at these levels when given in combina- 
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tion with tannic acid. Addition of tannic acid will greatly en- 
hance the activity of unfractionated pituitary extracts and of 
combinations of the follicle-stimulating hormones and the lu- 
teinizing hormones, as shown by increased ovarian weight and 
development. The observations recorded here agree with our 
studies on the non-specific augmentation of gonadotropic pituitary 
fractions observed on addition of zine sulfate or casein (2). 

As can be seen from Tables II to IV, precipitation with either 
picric or flavianic acid does not result in a loss of follicle-stimulat- 
ing potency as claimed by Fevold, since both the water-insoluble 
and water-soluble fractions, when given in combination with 
follutein, produce marked synergism. Apparently Fevold did 
not avail himself of this method for determining follicle-stimulat- 
ing activity. The degree of the non-specific augmentation of the 
picrates and flavianates with tannic acid depends on the purity 
of the material and is much more pronounced in the case of the 
follicle-stimulating hormone with a minimum effective dose of 
0.25 mg. (Table IV) than in the case of a follicle-stimulating 
hormone with a minimum effective dose of 0.05 mg. (Table III). 
Since Fevold did not give the activity of his follicle-stimulating 
hormone preparation in units per mg., it is somewhat difficult 
to compare his results with our observations. We interpret the 
apparent reactivation which Fevold observed as being due to the 
addition of tannic acid, which causes the follicle-stimulating hor- 
mone to manifest itself more markedly, and not to the removal 
of the picric or flavianic acid. The experiments reported, therefore, 
do not substantiate Fevold’s claim of a chemical difference between 
the follicle-stimulating hormone and the luteinizing hormone in 
regard to their reaction with picrolonic, picric, or flavianic acid, 
although we do not deny that there is a chemical difference 
between the two hormones. 


SUMMARY 


1. The effect of picric and flavianic acids on the potency of 
hypophyseal follicle-stimulating preparations has been studied. 

2. The claim of Fevold that follicle-stimulating hormone is 
reversibly inactivated by picric or flavianic acid could not be 
substantiated. 
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THE DETERMINATION OF VITAMIN A AND CAROTENE 
WITH THE PHOTOELECTRIC COLORIMETER* 


By C. J. KOEHN anp W. C. SHERMAN 


(From the Laboratory of Animal Nutrition, Alabama Polytechnic 
Institute, Auburn) 


(Received for publication, August 21, 1939) 


The Carr-Price reaction (1) has been employed for a consider- 
able period of time in testing biological materials for vitamin A, 
and it is generally accepted that the amount of blue color pro- 
duced by the reaction of vitamin A with antimony trichloride is 
proportional to the amount of vitamin A present. The insta- 
bility of the resulting blue color, however, has definitely limited 
the application of the reaction for the quantitative determination 
of vitamin A. Recently Dann and Evelyn (2) have shown that 
this limitation can be overcome by the use of a direct reading 
photoelectric colorimeter (3). 

On the basis of spectrophotometric and colorimetric readings 
on a series of oils and concentrates these investigators (2) ob- 
tained a factor of 0.41 + 0.05 for converting L}%, (620 my)! 
into E\".,. (328 my). The question of the factor to be used in 
converting E}".,, (328 mu) into biological units of vitamin A, how- 
ever, is at present unsettled. Although the factor 1600, recom- 
mended by the League of Nations Conference on Vitamin Stand- 
ards (1934), has been widely used for converting E}%,, (328 my) 
into biological units of vitamin A, Mead, Underhill, and Coward 
(4) using crystalline vitamin A esters have recently arrived at a 
factor of 2000. 

Since the factor for converting E}%,, (328 mu) into biological 


* Published with the approval of the Director of the Alabama Agri- 
cultural Experiment Station. 

‘The term L!%, (620 mg) proposed by Dann and Evelyn (2) for use in 
photoelectric colorimetry is analogous to EY (620 my) used in spectro- 
photometry. 
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units of vitamin A is subject to controversy, it was decided to 
determine directly the relationship between L{%,, (620 my) and 
biological activity rather than use the indirect spectrophotometrie 
basis. For this purpose the L}%,, (620 my) of the vu.s.P. reference 
cod liver oil was determined and the potency of the reference oil 
was checked by biological assay against $-carotene. 

Since the photoelectric colorimeter also affords a rapid means 
of determining carotene, and it is often desirable to determine 
carotene and vitamin A in the same solution, the L{%., (440 my) 
of 8-carotene was determined in chloroform and Skellysolve 
solutions. A correction factor was also determined for the 
amount of light absorbed by the blue color produced by the reac- 
tion of carotene with antimony trichloride. 

Preliminary vitamin A determinations made on halibut liver oil 
and on the unsaponifiable matter of cod liver oil indicated that 
2 — log G was not a strictly linear function of the concentration 
of vitamin A. Similar results were obtained with f-carotene in 
Skellysolve and chloroform solutions. The values of 2 — log @ 
were therefore determined over a wide range of concentrations of 
these chromogens. 


EXPERIMENTAL 
Methods 


Preparation of Reagent—For the preparation of the antimony 
trichloride reagent, chloroform (Merck, reagent) was thoroughly 
washed with distilled water, dried over anhydrous potassium 
carbonate, and distilled in an all-glass still under reduced pressure 
at 30-35°, the first 25 ml. of the distillate being discarded. Anti- 
mony trichloride (Merck, reagent) was quickly added from 
freshly opened bottles; solution was effected by shaking the 
mixture at room temperature. The above procedures were 
carried out in the dark as much as possible. The reagent was 
siphoned into the reservoir of an automatic pipette which was 
designed to deliver 9.0 ml. of reagent in less than 2 seconds. The 
concentration of the reagent used in these studies was approxi- 
mately 225 gm. per liter. 

2 The density of the sample solutions is expressed as 2 — log G, where G 
is the corrected galvanometer reading. The terms 2 — log Gego and 2 — 


log Gao specifically designate the density of the sample solutions when 
Filters 620 and 440, respectively, are used. 
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The chloroform used as a solvent for the samples was merely 
dried over potassium carbonate and filtered through sintered 
glass. It was protected from moisture and light at all times. 
The chloroform used in making up the antimony trichloride 
reagent was found to be unsuitable as a solvent for the vitamin A 
concentrates because of the rapid destruction of vitamin A by 
the phosgene which was invariably formed in the alcohol-free 
chloroform. Phosgene formation did not take place in the reagent, 
because the antimony trichloride exerted a stabilizing influence on 
the chloroform. 

Peroxide-free ether was prepared by treating commercial ether 
with sodium bisulfite as described by Smith (5). Aldehyde-free 
alcohol was prepared by reduction with zinc and sodium hydroxide 
as described by Dubovitz (6). 

Method for Determination of Vitamin A—A 0.3020 gm. sample 
of u.s.p. reference cod liver oil was weighed into a 50 ml. Erlen- 
meyer flask to which were added 10 ml. of aldehyde-free alcohol 
and 2.0 ml. of 60 per cent aqueous KOH; the mixture was placed 
on a water bath and boiled for 2 minutes. The saponified solution 
was cooled and transferred to a separatory funnel with 40 ml. of 
distilled water and 50 ml. of peroxide-free ether. The contents 
were thoroughly shaken and allowed to separate. The aqueous 
layer was drawn off into another separatory funnel and agairi 
extracted with 25 ml. of ether. The combined ether extracts were 
washed once with 15 ml. and twice with 35 ml. of water. The 
ethereal layer was dried over anhydrous sodium sulfate and 
decanted; the sodium sulfate was washed three times with 10 ml. 
of ether. The washings were combined with the ether extract in 
a special evaporating flask which could be simultaneously con- 
nected to a vacuum pump and a nitrogen cylinder. This was 
placed on a water bath at 40° and the ether was removed under 
reduced pressure in the presence of a gentle stream of nitrogen. 
The last traces of moisture were driven off by dipping the flask for 
several seconds in a 70° water bath. When the residue was 
thoroughly dry, the stop-cock leading to the vacuum pump was 
closed and the nitrogen stream continued until a slight positive 
pressure of nitrogen was obtained in the flask. The nitrogen line 
was then disconnected from the evaporator and chloroform was 
introduced. The unsaponifiable residue was diluted to a 25 ml. 
volume with chloroform. Eleven aliquots in duplicate of this 
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solution ranging from 0.15 to 1.0 ml. were transferred to absorp- 
tion test-tubes by means of a micropipette, diluted to 1.0 ml. each 
with chloroform, and the tubes tightly stoppered. The light 
intensity in the colorimeter*® was adjusted to give a galvanometer 
reading of 100 when a blank containing 1.0 ml. of chloroform and 
9.0 ml. of antimony trichloride reagent was used. Each tube was 
then placed in the colorimeter and exactly 9.0 ml. of antimony 
trichloride reagent were added from the automatic pipette. The 
galvanometer was read at the point of temporary stability, Filter 
620 being used. The galvanometer readings were corrected and 
the corresponding values of 2 — log G were recorded. 

Method for Determination of 8-Carotene—A Skellysolve solution 
(Skellysolve B, redistilled, b. p. 68-70°) of S. M. A. 8-carotene 
containing 13.00 micrograms of §-carotene per ml. was used as a 
stock solution in the calibration of the photoelectric colorimeter 
for the determination of S-carotene. Twelve aliquots in duplicate 
of this solution were diluted to 10 ml. with Skellysolve in volu- 
metric flasks. The exact concentration of these solutions was 
determined with a universal spectrophotometer, the value 2290 
being used for the extinction coefficient, E}%, (475 my), of a 
Skellysolve solution of 8-carotene (7). This same series of solu- 
tions was then read on the photoelectric colorimeter against a 
blank of pure Skellysolve, Filter 440 being used. The galva- 
nometer readings were recorded and the values of 2 — log G corre- 
sponding to the corrected galvanometer readings were obtained. 
In order to determine carotene in chloroform solution a measured 
amount of the stock solution of 8-carotene in Skellysolve was 
evaporated to dryness in an evaporator by the method described 
above. The carotene was then dissolved in chloroform and 
diluted to the same volume. Twelve aliquots in duplicate ranging 
from 0.10 to 2.00 ml. were measured out and diluted to 10 ml. as 
before. The solutions were then read against a blank of pure 
chloroform with Filter 440 and the values of 2 — log G@ were 
determined. 

Correction for Presence of B-Carotene in Vitamin A Determina- 


* The photoelectric colorimeter used was of the Evelyn type, manufac- 
tured by the Rubicon Company of Philadelphia. Filters 620 and 440 used 
in the determination of vitamin A and carotene, respectively, were the 
standard filters supplied with the instrument and recommended by Dann 
and Evelyn (2) for these determinations. 
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tion—A stock solution of 8-carotene dissolved in chloroform con- 
taining 14.1 micrograms of carotene per ml. was used in the deter- 
mination. Aliquots ranging from 0.1 to 0.7 ml. were measured 
out with a micropipette and diluted to 1 ml. in the absorption 
test-tubes. Each tube was placed in the colorimeter and 9.0 ml. 
of antimony trichloride reagent were added from the automatic 
pipette. The values of 2 — log G were determined, Filter 620 
being used. A tube containing 1.0 ml. of chloroform and 9.0 ml. 
of reagent was used for a blank. 

Method of Biological Assay—The method of biological assay 
described by Sherman (8) was used for determining the vitamin A 
potency of the v.s.p. reference cod liver oil. 

S. M. A. 8-carotene was used for comparison in the assay of the 
u.s.p. reference cod liver oil. The crystals were dissolved in 
Skellysolve and diluted to suitable volume so that the selected 
daily dose of 2 micrograms of carotene, as determined spectro- 
photometrically, was contained in 0.2 ml. The carotene solutions 
were stored in the dark at 3°. 

Fresh samples of v.s.p. reference cod liver oil, with an assigned 
vitamin A potency of 3000 u.s.p. XI units per gm., were weighed 
and diluted to volume with Skellysolve. The solutions used in 
feeding contained 5.555 gm. of the reference cod liver oil per liter 
of solution and were likewise stored in the refrigerator. The 
v.s.P. reference cod liver oil was fed in Skellysolve solution at two 
levels, Level A to supply 3.33 units of vitamin A based on the 
assigned value of 3000 units per gm. (equivalent to 2 micrograms 
of 8-carotene), and Level B to supply 3.33 1.v. based on the 
apparent potency calculated from the L}%,, (620 mu) determined 
with the photoelectric colorimeter.‘ 


* Numerous vitamin A determinations were made with the photoelectric 
colorimeter on the unsaponifiable matter from two samples of v.s.P. refer- 
ence cod liver oil at various concentrations. The average ue (620 mz) 
of the oil was found to be 3.45. If this value is multiplied by 0.41, the factor 
obtained by Dann and Evelyn for converting Lin (620 my) into extinction 
coefficients, the value of Bin (328 mu) = 1.414 is obtained. If this figure 
is multiplied by 1600, the factor recommended by the League of Nations 
Conference on Vitamin Standards (1934) for converting E}%, (328 my) 
into 1.v. of vitamin A, the value of 2263 1.v. per gm. is obtained for the 
U.8.P. reference cod liver oil. In Level B the v.s.p. reference cod liver oil 
was fed to supply 3.33 1.v. calculated on this basis. 
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The carotene content of the solutions used in feeding was deter- 
mined spectrophotometrically at biweekly intervals. The Li, 
(620 mz) of the cod liver oil solutions was determined on the 
photoelectric colorimeter at biweekly intervals. For this purpose 
the solvent was removed under reduced pressure from a measured 
amount of the solution, and the determination was made on the 
unsaponifiable matter. It was found that the destruction of 
8-carotene at this concentration in Skellysolve solution stored at 
3° in the absence of light was only about 0.5 per cent in 30 days.’ 
The vitamin A content of the cod liver oil stored in the same 
manner in Skellysolve solution decreased 2.3 per cent in 30 days. 


TABLE I 


Gains of Vitamin A-Deficient Rats Receiving 8-Carotene and U.S.P. 
Reference Cod Liver Oil 


| Average gain in weight at end of 


Supplement fed daily =< \i—_———, es ek 
list wk. 3rd wk.'5th wk.|7th wk. 
| gm. gm. gm. gm. 

a | | 6.9 | 27.1 4.2 | 54.9 
Cod liver oil, Level A*................. 6 8.2 | 30.5 | 45.5 | 53.9 
ae ee OE, | 9 | 9.9 | 82.6 | 53.4 | 68.1 





* 3.33 v.s.P. units of vitamin A based on the assigned value of 3000 v.s.P. 
units per gm. for the vu.s.p. reference cod liver oil. 

Tt 3.33 1.v. of vitamin A based on the determined Lt? (620 my) of 3.45 
and the factors 0.41 and 1600 for converting | ht (620 mz) into 1.v. of 
vitamin A. See foot-note 4 to the text. 


The aliquots used for feeding were corrected for any slight de- 
terioration that was observed. 


Results 


Potency of U.S.P. Reference Cod Liver Oil As Determined by 
Biological Assay—The results of the biological assay of the 
u.s.P. cod liver oil are given in Table I. It is apparent that the 
average gain obtained when the reference oil was fed at Level A, 


5 More concentrated solutions of several samples of 8. M. A. crystalline 
carotene and 8. M. A. 8-carotenein Skellysolve (400 to 500 micrograms per 
ml.) showed from 11 to 40 per cent destruction in 30 days storage at 3° in 
the dark. 
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to supply 3.33 v.s.p. units of vitamin A based on the assigned 
value of 3000 v.s.P. units per gm., is in agreement with that ob- 
tained from 2 micrograms of 8-carotene (equivalent to 3.33 units 
of vitamin A). The average gain of the rats receiving the v.s.P. 
reference cod liver oil at Level B‘ was appreciably greater than 
that obtained with 2 micrograms of $-carotene or with the refer- 
ence cod liver oil at Level A. The assigned value of 3000 v.s.p. 
units of vitamin A per gm. for the vu.s.P. reference cod liver oil was 
therefore accepted for the calibration of the photoelectric col- 
orimeter. 


TasB_e II 


Variation of 2 — Log G with Concentration of Vitamin A 





Vitamin A in test solution 


Galvanometer 2 — log G per 
ing 2 — log G yin a —————~| Per cent error 
ed 1.U. vitamin A Calculated 
’ Actual (9 "fog G) Ki 
[a - , “international "international | : 
un un 
gl° 0.0410 0.0226 1.81 1.87 +3.32 
83° 0.0815 | 0.0225 3.62 3.74 +2.76 
683 0.1619 0.0224 7.25 7.38 | +1.89 
57! 0.2422 | 0.0223 | 10.87 11.08 | 41.47 
473 0.321 0.0222 | 14.49 | 14.68 | +40.97 
40° 0.398 0.0220 18.12 18.14 | 40.11 
34° 0.471 0.0217 | 21.75 | 21.48 | —1.24 
2 | | — 
28 0.543 0.0214 | 25.39 | 24.76 | 2.48 
24° 0.620 0.0214 | 28.99 | 28.27 | -—2.48 
21! 0.683 0.0210 32.61 31.14 —4.51 


17! 0.760 _ 0.0209 | 36.24 | 34.65 | —4.39 


Relation between 2 — Log G and Concentration of Vitamin A and 
Carotene—The results given in Table II show that 2 — log G is not 
strictly a linear function of the concentration of vitamin A, but 
that a distinct decrease in 2 — log G per 1.v. of vitamin A occurred 
as the concentration of vitamin A was increased in the test solution. 
Similar results were obtained with $-carotene in chloroform and 
Skellysolve solutions as shown in Table III. It is evident that 
constants for converting 2 — log G into units of vitamin A and 
micrograms of 8-carotene are applicable only over a limited range 
of concentrations. Such a constant, K,; = 45.60, was derived by 
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averaging the values obtained by dividing the concentration of 
vitamin A, expressed as I.U. present in the test solution, by the 
corresponding 2 — log G of these solutions over the galvanometer 
range from 30 to 70. Similar constants, K2 = 3.19 and Ks = 2.65, 
were derived for converting 2 — log G@ into micrograms of £- 
carotene per ml. in chloroform and Skellysolve solutions respec- 
tively. When these constants were applied, the Li"2,,. (440 my) of 
B-carotene was found to be 1645 and 1980 in chloroform and 
Skellysolve solutions respectively. 


TaB_e III 


Variation of 2 — Log G with Concentration of 8-Carotene in Chloroform 
and Skellysolve 








2—log G 8-Carotene Per cent error 








| | Calculated (2 — log G)K | | 
Chloroform | Skellysolve | Actual - ——j} Chloroform | Skellysolve 
Chloroform | Skellysolve | 








| -y per mi. ¥ per mi. y per ml. 

0.0434 | 0.0506 0.130 0.138 0.134 +5.80 | +3.08 
0.0848 | 0.0996 | 0.260 | 0.270 0.264 | +3.85 +1.54 
0.1264 | 0.1487 0.390 0.404 | 0.394 | +3.59 +1.02 
| 











0.1659 | 0.1973 | 0.520 | 0.529 | 0.523 | +1.71 | +0.58 
0.2460 | 0.2760 | 0.780 | 0.785 | 0.784 | +0.64 | +0.51 
0.3300 | 0.3870 | 1.04 | 1.05 1.03 | +0.96 | —0.96 
0.4010 | 0.478 1.30 | 1.28 1.27 1.54 | —2.30 
0.478 | 0.565 1.56 | 1.52 1.50 | —2.56 | —3.84 
0.542 | 0.636 1.82 | 1.73 1.68 | —4.95 | —7.68 
0.602 | 0.710 | 2.08 | 1.92 1.88 —7.70 | —9.62 
0.663 | 0.770 | 2.34 | 2.12 2.04 | —9.40 | —12.81 
0.710 | 0.834 | 2.60 | —14.99 


| 2.26 2.21 —13.10 








The galvanometer range of 30 to 70 was selected because the 
percentage variation of 2 — log G with the galvanometer readings 
is less over this range than at either end of the scale. 

If the concentration of chromogen in the test solution is adjusted 
so that a galvanometer reading between 30 and 70 is obtained, an 
error of less than 2 per cent is incurred by the use of constant Ky 
and less than 3 per cent by the use of constants K and K; as shown 
in Tables II and III. Beyond this range the error is greater, 
especially at the higher concentrations. If calibration curves, 
made by plotting concentration of vitamin A and carotene against 
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the corresponding values of 2 — log G are used, these errors are 

The variation of 2 — log G with the amount of blue color pro- 
duced by the reaction of antimony trichloride with various concen- 
trations of 8-carotene is shown in Table IV. The series of dilu- 
tions used covers the range of carotene usually encountered in the 
determination of vitamin A in biological materials. Since the 
range of galvanometer readings was necessarily small, the constant 
K, = 156.3 was calculated for the entire range from 87* to 98° and 
is the average of the values obtained by dividing the number of 


TaBie IV 


Application of Correction Factor K, = 156.8 for Amount of Blue Color 
Produced by Reaction between 8-Carotene and Antimony Trichloride 


























. .| a 2 — log Gen be vo ———~ | Per cent error 

test solution | ( ) | Determined | Calgulated 
| MB, Bete BT 
Y | | yperml. | 

1.05 | 98° | 0.0084 | 0.0088 | 0.0067 | —23.82 
141 | 977 | 0.0078 | 0.0110 | 0.0090 —18.18 
2.82 | 95 | 0.0071 | 0.0200 | 0.0180 | —10.00 
4.23 | 93? | 0.0069 | 0.0292 | 0.0271 | —7.23 
5.64 | 91% | 0.0066 | 0.0374 | 0.0361 | —3.48 
7.05 90! | 0.0063 0.0446 | 0.0451 | 41.12 
8.46 | 88? | 0.0061 | 0.0518 | 0.0541 | +4.44 
9.87 | 87 | 0.0057 | 


0.0568 | 0.0631 | +11.09 





*C = micrograms of 8-carotene in the test solution. 


micrograms of carotene in the test solution by the corresponding 
2—logG. The error involved by the use of this constant is given 
in Table IV. 

Calculation of Results—The following calculations are involved 
if the constants given in this paper are to be used to convert the 
values of 2 — log G into micrograms of 8-carotene or 1.v. of vita- 
min A. 

(2 — log Gex)K; = 1.v. of vitamin A in the 10 ml. test solution 
(uncorrected for the presence of carotene) where K, = 45.60. 

(2 — log Giw)K: = micrograms of §-carotene per ml. in the 
10 ml. test solution (chloroform) where K; = 3.19. 
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(2 — log Gaso)Ks = micrograms of 8-carotene per ml. in the 
10 ml. test solution (Skellysolve) where K; = 2.65. 

(2 — log Gaw)Ke/K, = correction factor to be subtracted 
from 2 — log Geo for the amount of the blue color produced by the 
reaction of antimony trichloride with the 8-carotene in the 10 ml, 
test solution where K, = 156.3. When Ke and K, are combined 
the following equation is obtained. 

(2 — log Gawo)Ks = correction factor for 8-carotene where 
K; = 0.0204. 

[(2 — log Geeo) — (2 — log Gauo)K5|Ki = 1.v. of vitamin A in 
the 10 ml. test solution (corrected for the presence of carotene). 


DISCUSSION 


Although the photoelectric colorimeter affords a rapid and 
reliable means of determining carotene and vitamin A, there are 
certain inherent limitations in its use. It was found that 2 — log 
G for vitamin A and §-carotene is not a strictly linear function of 
the concentration of the chromogens. It is therefore apparent 
that constants for converting 2 — log G into units of vitamin A 
and micrograms of carotene are not absolutely accurate. To 
obtain a high degree of accuracy with the instrument, a calibration 
curve should be used in which the values of 2 — log G are plotted 
against the concentration over a series of dilutions of the material 
to be determined. By employing such a calibration curve the 
errors resulting from the non-linear relationship between the 
values of 2 — log G and the concentration may be completely 
avoided. 

When such a high degree of precision is not essential, however, 
conversion factors may be used without introducing serious errors 
provided the concentration of chromogen in the test solution is 
such as to give a galvanometer reading over a limited range. The 
constants for vitamin A and carotene given above are for solutions 
of such concentration as to give galvanometer readings between 
30 and 70; their use results in an error of less than 3 per cent. 
Constants to cover a still narrower range of the galvanometer 
scale would produce appreciably less error. 

The observation that. a straight line relationship does not exist 
between 2 — log G and concentration of vitamin A and #-carotene 
does not confirm the work of Dann and Evelyn (2). Shrewsbury, 
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Kraybill, and Withrow (9), however, using a photoelectric pho- 
tometer of their own design (10), observed that density was not a 
linear function of the concentration of 8-carotene. These workers 
concluded that the non-linearity was due to the relatively wide 
spectral band which the filters they used transmitted. Filter 440 
used in the work reported in the present paper had a transmission 
band of from 410 to 475 mu and Filter 620 had a transmission band 
of from 595 to 660 mu. It is apparent that an instrument employ- 
ing a filter with a transmission band of 65 muy will not give the 
degree of linearity which can be obtained with a spectrophotometer 
in which a spectral band of only a few mu can be selected to corre- 
spond exactly to an absorption maximum of the compound. 

On the basis of the results of the biological assays and the chemi- 
cal determinations of vitamin A made on the v.s.p. reference cod 
liver oil and the factor 0.41 of Dann and Evelyn (2), a factor of 
2120 was derived for the conversion of E£}%,. (328 my) into 1.v. of 
vitamin A. This is in close agreement with the value of 2150 
given by Mead, Underhill, and Coward (4) as a result of their 
work with vitamin A-2-naphthoate. The figure 1440 given by 
Dann and Evelyn (2) for the L{%, (440 mu) of B-carotene is 
somewhat lower than the value given in this paper. They state, 
however, that their value was undoubtedly too low because of the 
impurity of the §-carotene used. Although the 8. M. A. £- 
carotene used in the work reported here was not absolutely pure, 
the exact concentration of 8-carotene in the solutions was deter- 
mined spectrophotometrically. It is believed, therefore, that 
Li. (440 mu) = 1645 is near the correct value for B-carotene in 
chloroform solution. 


SUMMARY 


1, The v.s.P. reference cod liver oil when assayed biologically 
in comparison with 6-carotene was found to have the assigned 
potency of 3000 1.v. of vitamin A per gm. This same oil was 
found to have an average Li'%,. (620 my) of 3.45 as determined 
with the Evelyn photoelectric colorimeter. 

2. Calculations are presented for converting colorimeter read- 
ings into 1.v. of vitamin A and micrograms of carotene. Constant 
K, = 45.60 was derived for converting 2 — log Geo into 1.v. of 
vitamin A, and constants K, = 3.19 and K; = 2.65 were derived 
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for converting 2 — log Gio into micrograms of §-carotene in 
chloroform and Skellysolve solutions respectively. A correction 
factor was also derived for the light absorbed by the blue color 
produced in the reaction between f-carotene and antimony 
trichloride. 

3. It was found that 2 — log G was not a strictly linear function 
of concentration of vitamin A or carotene. The constants given 
were calculated for concentrations giving galvanometer readings 
from 30 to 70. If these constants are used within this range, an 
error of less than 3 per cent is incurred. For more accurate work 
it is recommended that a calibration curve be used in which 
2 — log G is plotted against concentration of the chromogen. 

4. 6-Carotene was found to have an average Lj, (440 my) of 
1645 and 1980 in chloroform and Skellysolve solutions respectively. 

5. On the basis of the biological assays, the determined L}%, 
(620 my) of 3.45 for the v.s.p. reference cod liver oil, and factor 
0.41 for converting 1}. (620 mu) into E}%,, (328 my), a factor 
of 2120 was obtained for converting FE}, (328 my) into 1.v. of 
vitamin A per gm. 
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Dermal abnormalities in the rat have been recognized as having 
a dual origin; viz., from an “essential’’ fatty acid deficiency (Burr 
and Burr, 1929), or a vitamin Be, deficiency (Gyérgy, 1935). 
That some relationship exists between these two deficiencies was 
suggested by the finding of Birch and Gyérgy (1936) that certain 
fats cured the dermatitis as produced by vitamin Bs deficiency. 
The point was emphasized when Quackenbush, Platz, and Steen- 
bock (1939) showed that linoleic acid, curative in “essential fatty 
acid deficiency,’ was also curative for acrodynia. Birch (1938) 
examined the relation of vitamin Bs and the fatty acids of corn 
oil in the cure of acrodynia and concluded that at least two factors 
were operative, vitamin Bs and a second factor present in corn 
fatty acids. This was based on the observation that a vitamin 
Bs preparation failed to cure rat acrodynia unless the fatty acids 
from corn oil were fed as well. However, Quackenbush, Platz, 
and Steenbock (1939) had shown -that the fatty acids from corn 
oil cured acrodynia when fed alone and hence apparently no addi- 
tional vitamin Bs was needed. This suggested that either (1) fatty 
acid preparations from corn oil contained vitamin Bs in addition 
to the second factor postulated by Birch or (2) corn oil fatty acids 
were capable of supplanting vitamin Bs, plus any other factor 
necessary in the cure of acrodynia. It was the purpose of this 
investigation to examine these possibilities and to study further 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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the relationship between acrodynia and the Burr and Burr syn- 
drome. 


EXPERIMENTAL 


Acrodynia was produced on a fat-free, vitamin Be-deficient diet 
as follows: Weanling rats, 35 to 40 gm., as prepared by the tech- 
nique of Quackenbush, Platz, and Steenbock (1939) were placed 
on Diet V. This diet consisted of a mixture of cerelose (commer- 
cial glucose) 78, casein (alcohol-extracted) 18, Wesson’s salts 
(1932) 4, supplemented daily with 10 micrograms of thiamine 
and 20 micrograms of riboflavin dissolved in 1 drop of 0.02 n 
acetic acid, and 10 micrograms of carotene and 5 micrograms of 
calciferol dissolved in 1 drop of liquid hydrogenated coconut oil. 
On this diet the rats developed an acute acrodynia in 4 to 5 weeks. 
Materials were tested for antiacrodynic potency by feeding them 
as supplements to Diet V while the animal was continued on the 
diet. If a cure resulted in 3 weeks of such supplementation and 
was maintained for an additional 3 weeks, the material was re- 
garded as potent. The reliability of this curative test for anti- 
acrodynic potency has been demonstrated with more than 500 
rats. A material once shown to be potent was consistently con- 
firmed in its potency when subjected to retest. Spontaneous 
cures were never observed. 

For the study of the antiacrodynic potency of fats two oils 
were selected as examples; viz., corn oil (Mazola) and cottonseed 
oil (Wesson oil). These oils were curative at levels of approxi- 
mately 5 and 10 mg. per day. If this curative action was de- 
pendent upon a content of vitamin Bs, then the removal of the 
vitamin, if it existed in the fat, should have resulted in a loss of 
activity of the fat. Although at this point in our investigation 
the basic, water-soluble properties of vitamin B, did not strengthen 
the view that fats contained the vitamin, Kuhn and Wendt (1938) 
demonstrated that vitamin Bs, contained two alcoholic and one 
phenolic group which made ester combinations at least a possi- 
bility. Although Keresztesy and Stevens (1938) showed that 
vitamin Bs was unaffected by alkali and hence could presumably 
survive saponification, it was difficult to understand how the vita- 
min could appear in fatty acid preparations such as were fed by 
Birch. These doubts were confirmed by an extended series of 
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experiments which will not be detailed here. Suffice it to say that 
when corn or cottonseed oil was used as a source of active fat, 
continuous ether extraction of fatty acid soaps, continuous ex- 
traction of fat with dilute acid, refluxing with dilute acid, electro- 
dialysis of the saponification mixture of an active fat, and the use 
of adsorbing agents in ethereal solutions of fat, all failed to dimin- 
ish the antiacrodynic potency of the fatty acids. That vitamin 
B, was not part of the antiacrodynic potency of fats seemed certain 
after the following experiments were performed. 

Kuhn and Wendt (1938) had shown that a methyl ether of vi- 
tamin B, was formed by treatment with diazomethane. Accord- 
ing to Mller (1938) the methyl ether of vitamin B, is biologically 
inactive. This suggested the possibility of preparing methyl 
esters of antiacrodynic fatty acids which would be free of active 
vitamin Bs by treating the crude fatty acids with diazomethane 
in ether solution. If, for some obscure reason, vitamin Bs had 
been brought into the solution of the fatty acids, treatment with 
diazomethane would have resulted in the formation of the methyl 
ether. Then, if the potency of the fatty acids was indeed de- 
pendent upon a content of vitamin Be, there would be a resultant 
loss in antiacrodynic activity. However, esters of corn and cot- 
tonseed oil fatty acids (fed to four and two rats respectively), 
as well as the ester of linoleic acid (fed to two rats), prepared by 
the action of diazomethane on the free acids were all curative 
within 3 weeks when 20 mg. of the preparation were administered 
daily. 

That the antiacrodynic activity of fatty acids was not due to 
vitamin Bs per se was further confirmed by the demonstration that 
the antiacrodynic activity of fatty acids from corn oil was re- 
tained after three successive precipitations with barium in alkaline 
solution. 25 gm. of corn oil were saponified with alcoholic KOH 
and the soaps poured into a saturated solution of Ba(OH),. The 
barium soaps were filtered off, and the acids regenerated with 
HCl and extracted with ether. The ether was removed under 
reduced pressure and the potassium and barium soaps formed 
again as before. This was repeated again and the fatty acids 
were finally esterified with ethyl alcohol by refluxing with sulfuric 
acid. The esters were active in curing acrodynia in two rats 
given 20 mg. daily. Cure was effected within 3 weeks. Similar 
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precipitation of the acids of cottonseed oil and of linoleic acid re- 
sulted in active ester preparations which when administered to 
three and two rats respectively at the rate of 20 mg. daily cured 
acrodynia within 3 weeks. As vitamin B, itself does not form an 
insoluble barium salt, the conclusion seemed inescapable that 
vitamin B, was in no way involved in the cure of acrodynia when 
it was effected by certain fats. 

The curative properties of the fatty acids of corn and cotton- 
seed oil were thus again referred to the fatty acid fraction of which 
linoleic acid had been demonstrated as a potent member. Since 
linoleic acid, as well as arachidonic (Turpeinen, 1938) and linolenic 
acids, is prepared from active oils, the possibility has been existent 
that their activity was dependent upon the inclusion of the true 
active material. Synthesis of these materials would eliminate 
these objections but as yet no practicable syntheses have been 
devised. It was thought desirable, therefore, to examine an active 
oil, corn oil, for constituents which might form a part of the fatty 
acid fraction as ordinarily prepared and have antiacrodynic ac- 
tivity, and yet not be an unsaturated fatty acid of the linoleic, 
linolenic, or arachidonic acid series. Two such types of com- 
pounds were investigated; viz., phenols and certain lactones. 
The phenolic compounds in corn oil (Mazola) were obtained as 
follows: 1 kilo of corn oil was saponified, the unsaponifiable com- 
pounds were removed by ether extraction, and the potassium 
soaps poured into an excess of Ba(OH): solution. The Ba soaps 
were filtered off and the Ba removed from the filtrate by H,SO,. 
The acidified filtrate was then extracted with ether and the com- 
bined ether extracts washed, dried with NaeSO,, and the ether 
removed under reduced pressure. Approximately 400 mg. of 
residue remained, insoluble in water but soluble in 5 per cent 
NasCO;. Addition of CO, to saturation permitted the ether 
extraction of materials which gave an intense blue color with 
Folin’s phenol reagent. When the material was fed, it was found 
devoid of antiacrodynic activity (Table I). 

Another group of compounds which might be found in fatty 
acid fractions from oils is composed of certain lactones which are 
reformed on acidification of the saponification mixture, such as 
the coumarins. True fatty acids are separable from such com- 
pounds by extraction from lipid solution with aqueous K,COs. 
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re- Possible lactones present in corn, cottonseed, and wheat germ oil 
to were prepared for feeding in the following manner. The fat was 
ed saponified with alcoholic KOH, diluted, and the non-saponifiable 
an fraction removed by petroleum ether extraction. The solution 
lat was then acidified and the fatty acids removed with petroleum 
en ether, washed, and the fatty acids extracted from the petroleum 

ether solution with successive portions of 5 per cent K,yCO,. 
n- The K,CO; was then washed out with water and the petroleum 
ich ether solution was dried with Na,SO,. The solvent was removed 
ce under reduced pressure. The residue was taken up in liquid 
nic hydrogenated coconut oil for feeding. Test (Liebermann- 
nt | Burchard) showed that the residues contained some sterols which 
ue 
ute Tasie I 
en Antiacrodynic Potency of Crude Phenols and Lactones Present in 
ve Antiacrodynic Oils 
ty ,Orig- | Effect on 
. Pmt | eras |S) Se 
ic, a ae L seater alency rte) 
m- | mg. 
ps. 1. Crude phenols of corn oil............ 0.4 mg. | 1000 | Negative 
as 2. “* lactones ‘‘ i - Re | 140 y | 40 ‘w 

K,CO,-extracted acids from (2)........| 20 mg. _ 20) Curative 
m- 3. Crude lactones of cottonseed oil.......| 90 y | 40) Negative 
im K,CO,-extracted acids from (3)........ 20 mg. | 20 | Curative 
ps 4. Crude lactones of wheat germ oil...... | 240 y | 40) Negative 
™” K;CO;-extracted acids from (4)....... | 20 mg. 20 | Curative 
= 1 cece ia eralines AaS Ee eaietenliient 
er were incompletely removed with the non-saponifiable fraction. 
of Yields of residue per gm. of fat were corn oil 3.5, cottonseed oil 
nt 2.3, and wheat germ oil 6.0 mg. When these residues were fed, 
er they proved to be totally inactive, while the fatty acids which 
th had been removed by the K,CO; extraction proved active when 
nd fed as the ethyl esters (Table I). 

The preceding experiments thus redemonstrated that the anti- 
ty acrodynic activity of certain vegetable oils was resident in the 
re fatty acid fraction as a fatty acid. These fatty acids had usually 
as been fed as the ethyl esters as prepared by refluxing the acids 
n- with anhydrous ethyl alcohol and sulfuric acid. Formation of 
Ds. the methyl esters from the free acids by diazomethane had left 
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the antiacrodynic activity unimpaired. It was thought that 
some clue as to the chemical nature of the active fatty acid might 
be obtained, other than that it was probably unsaturated, by 
preparing the ethyl or methyl esters of the active fatty acids in 
other ways. Therefore, methyl esters of fatty acids from corn 
and cottonseed oils were prepared by formation of the silver soaps 
and refluxing with methyl iodide. The resulting esters were 
active (Table II). The ethyl esters of the same acids were also 
active when prepared from the sodium salt by refluxing with 
diethyl sulfate (Table II). 

Quackenbush, Platz, and Steenbock (1939) showed that elaidini- 
zation of linoleic acid resulted in a loss of antiacrodynic potency. 
It appeared desirable to determine whether another type of mo- 
lecular alteration, hydrogenation, would destroy the activity of 


TasB_e II 


Esters of Antiacrodynic Fatty Acids As Prepared by Different Esterifying 
Agents Curative within 3 Weeks 





Preparation (20 mg. fed daily) sate 





value 

(Hanus) 

Methyl esters of corn oil acids by methyl iodide...... 2 | 117.6 
- “* — cottonseed oil “ - agp? Bee 2 | 96.0 
Ethyl «« —“ corn oil by diethyl sulfate........... 5  *:115.0 
~ “« —* cottonseed oil by diethyl sulfate. .... 5 | 98.0 





linoleic acid. Consequently a previously assayed preparation of 
ethyl linolate (iodine value = 159) was hydrogenated over plat- 
inum. Hydrogen absorption was complete in } hour. The ethyl 
stearate thus formed (iodine value = 0) was tested for anti- 
acrodynic potency on five rats at 4 times the original curative 
level and failed to cure. 

Water-Soluble Factors in Cure of Acrodynia—It seemed fairly 
well established by the above that the antiacrodynic potency of 
certain fats was resident in the unsaturated fatty acids of which 
linoleic acid was representative. To determine under what 
conditions vitamin Bg could effect a cure of rat acrodynia was the 
object of the succeeding experiments. 

Birch (1938) failed to cure rat acrodynia on a fat-free diet when 























Schneider, Steenbock, and Platz 545 


he fed a vitamin Bs preparation obtained by alcoholic extraction 
of yeast. However, in experiments similar to those of Birch, 
we have been able to cure rat acrodynia with another source of 
water-soluble B vitamins. When rats exhibiting acrodynia as 
produced in this laboratory on Diet V were fed 100 mg. of a rice 
bran concentrate (vitab') per day, the acrodynia was cured in 











Tas_e III 
Antiacrodynic Potency of Water-Soluble Factors of Rice Bran Concentrate 
(Vitab) 
Preparation | equivalent | Me. of cane vise 
=| 
1. Rice bran concentrate 100 | 12 | Curative 
50 2 | Negative 
Se - (ether- 100-150 4 | Curative 
extracted) 
2. Fullers’ earth filtrate from (1) | 150 11 | Negative 
| 200 | 8 | = 
3. - ** eluate from (1) | 600 9 Temporary im- 
provement; re- 
lapsed 
4. Combined filtrate and eluate | 4 | Curative 
| 7 
5. Crystalline vitamin Be 10 12 | Temporary im- 
| provement; re- 
lapsed 
15 ae ce 
25 1 “ce “ce 
| 50 1 “ae Lal 
mg. 








> 
© 
i= 
“7 
= 
Ss. 
- 
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6. Filtrate factor (2) fed with 10 y | 150 
vitamin B, to rats having re- | 
lapsed on 10 y vitamin By 





3 weeks (Table III). The vitab was completely water-soluble 
and when diluted formed a clear solution. A diluted sample of 
vitab was extracted by three shakings with ether (pH = 4.85) 


1 Vitab, Type II, is a commercial B vitamin concentrate prepared from 
rice bran. It was supplied by Vitab Products, Inc., Emeryville, California. 
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and concentrated in vacuo to its original volume without any loss 
in potency (Table III). 

Since a similarity between “essential fatty acid’’ deficiency and 
acrodynia had already been indicated by the curative effects of 
fats and linoleic acid in both deficiencies, it appeared desirable to 
determine whether this similarity could be extended to include 
curative effects of the two deficiencies by the same water-soluble 
concentrate, ether-extracted vitab. Since in the production of 
the Burr and Burr syndrome the B vitamins have been fed in a 
limited amount of yeast (0.7 gm. daily) in comparison with the 
acrodynia-producing Diet V which supplies merely thiamine and 
riboflavin, it was possible to study the effect of yeast vitamins on 
the production of dermal symptoms by progressively increasing 
the amounts of dried yeast. Accordingly sixteen weanling rats, 
prepared as usual, were divided into four groups of four. Diet 
V was modified to include 1, 2, 4, and 8 per cent yeast at the ex- 
pense of the glucose and was fed to Groups I, II, LI, and IV 
respectively. Carotene, calciferol, thiamine, and riboflavin were 
fed in addition as usual. Each group was continued on its re- 
spective diet until growth stopped and the animals remained 
stationary or lost weight for a continuous period of 3 weeks. 
Weight records were kept and the appearance of symptoms noted. 
When the growth curves had remained at a plateau for 3 weeks, 
two animals of each group were fed 22 mg. of vacuum-distilled 
ethyl linolate prepared via the tetrabromides from corn oil by the 
method of Rollet (1909). The remaining two rats in each group 
were then fed 100 mg. daily of ether-extracted vitab. The sup- 
plementation was continued for a period of 6 weeks during which 
increase in weight was noted as well as the disappearance of dermal 
symptoms. 

The growth of the animals on the various yeast levels is indi- 
cated in Fig. 1. The cessation of growth of the rats receiving 8 
per cent yeast at approximately 175 gm. of body weight is similar 
to that observed by Turpeinen (1938) in a recent study of the 
essential fatty acids. Like Turpeinen we observed only mild 
dermal symptoms in the animals receiving these large amounts of 
yeast. Scaliness of the paws and tail was the chief symptom. 
At successively lower levels of yeast, however, this mild scaliness 
was observed to pass into more severe types until at 1 per cent 
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$8 yeast the dermatitis was so severe, involving the paws, mouth, 
eyes, and ears, as to be indistinguishable from the acute acrodynia 
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f Fig. 1. Growth of rats on low fat diet (Diet V) containing varied amounts 
. of dried brewers’ yeast. S = scaliness; A = acrodynia. 


» produced on Diet V. These results parallel those obtained by 
at Birch (1938) who fed graded amounts of an alcoholic extract of 
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yeast. The action of yeast vitamins in the production of the 
Burr and Burr syndrome seems to be one of modification of the 
acute acrodynia into the typical scaliness. 

The connection between acrodynia and the Burr and Burr 
syndrome was further emphasized by the parallel curative effects 
of both ethyl linolate and ether-extracted vitab. In the 6 weeks 
of feeding of these materials all dermatitis symptoms disappeared 
within the first 3 weeks, and in some cases even earlier (Fig. 2). 


iti 





Fic. 2. Growth response to ethyl linolate and ether-extracted vitab of 
rats that reached a plateau on a low fat diet (Diet V) containing varied 
amounts of dried brewers’ yeast. Each curve represents two rats. 


Ethy] linolate and vitab were equally effective in restoring growth, 
the increments achieved on the 8 per cent yeast level being com- 
parable to the growth obtained by Turpeinen and used by him as 
a criterion of “essential’’ fatty acid activity. Increments of 
growth on the lower levels of yeast were even greater. 

With the demonstration that the Burr and Burr syndrome and 
acrodynia could both be cured by the same agents, it became pos- 
sible to confine the study of the antidermatitis activity of vitab 
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to curative studies in acrodynia. Results could thus be obtained 
in a shorter time and the study much facilitated. It soon became 
apparent that the antidermatitis potency of vitab was in part 
dependent upon its vitamin B, content. Thus when vitab was 
diluted with water and shaken with five successive portions of 
English fullers’ earth (pH 4.8), the filtrate had lost its ability to 
eure acrodynia (Table III). The eluate of the fullers’ earth, as 
prepared by Ba(OH)s elution, removal of Ba with H,SOQ,, and 
concentration, was inactive as well. However, when the filtrate 
and eluate were fed together, antiacrodynic potency was observed 
once more (Table III). The failure of the fullers’ earth eluate 
(vitamin Bs) to cure acrodynia on a fat-free diet thus confirmed 
Birch’s finding. However, the curative action of vitamin B, 
became possible by the addition of a “filtrate factor.’”’ Thus the 
second factor of Birch is found in a water-soluble form. In fact 
this second factor which is necessary for the cure of acrodynia has 
not been shown to exist in fats at all, since originally the presence 
of this factor in fats was based by Birch on the ability to cure when 
vitamin Bs alone had failed. This curative property of fat we 
have shown to be independent of vitamin Bs and capable of curing 
completely in its absence. Thus while Birch’s contention that a 
factor in addition to vitamin Bg is needed for the cure of acrodynia 
is confirmed, this second factor is shown to be part of the so called 
filtrate factor. The importance of filtrate factor in the cure of 
acrodynia was indicated by Gyérgy (1938) when he determined 
the effect of the crystalline vitamin B, in the cure of acrodynia. 
He reported that, ‘““Even the skin effect was not regularly at- 
tained unless a further supplement corresponding to the so- 
called ‘filtrate factor’ was added.” 

That vitamin Bs was indeed incapable of curing acrodynia in 
the absence of filtrate factor was confirmed when the crystalline 
vitamin? was fed. Although Dimick and Schreffler (1939) had 
shown that in the presence of a filtrate factor (likewise prepared 
from a rice bran concentrate) 10 micrograms of vitamin Bg ful- 
filled the daily requirement of the rat for this vitamin, when 10 
to 50 micrograms of the crystalline vitamin were fed to rats ex- 


* Crystalline vitamin Bs as isolated from rice bran concentrate was 
kindly furnished by Dr. 8S. Lepkovsky. 
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hibiting acrodynia on Diet V a temporary cure resulted seldom 
lasting longer than 2 weeks. It was followed by a relapse into a 
florid dermatitis as acute as that originally observed and the ani- 
mals declined and died without ever showing subsequent improve- 
ment during the remaining period of vitamin Bs, feeding (Table 
III). 

A few studies have been made of the chemical nature of the 
factor in the fullers’ earth filtrate which is necessary in conjunction 
with vitamin B, for a cure of acrodynia. Continuous extraction 
of diluted vitab (pH 4.8) with ether in a Kutscher-Steudel appara- 
tus for 48 hours did not diminish the antiacrodynic potency, nor 
did continuous extraction with ether diminish its potency after it 
had first been made alkaline with NaOH (pH 8.5). Ba(OH), 
was added to vitab to alkalinity (phenolphthalein) and allowed to 
stand overnight. Precipitated material was removed by filtration 
and the barium removed from the filtrate by H,SO,. Concen- 
tration to the original volume resulted in a preparation which 
had the complete antiacrodynic potency of the original vitab. 
The second factor is thus not precipitable by barium. 

Since the essential fatty acids are capable of curing rat acrodynia 
unaided, it might be assumed that the true antiacrodynic sub- 
stance must be closely related to these acids, possibly as a meta- 
bolic product. Since the cyclic, N-containing vitamin Bs seems 
far removed from such a type of compound, it would appear that 
possibly it is the “accessory factor” which is more directly con- 
cerned with the cure of acrodynia. Vitamin B, would thus be 
concerned with the conversion of the inactive ‘accessory factor” 
into the active, true antiacrodynic substance. 


We desire to express our appreciation of the assistance of Mr. 
Fred A. Kummerow in making some of the preparations. 


SUMMARY 

Acrodynia, as it is known in the rat, can be cured by two differ- 
ent means. 

1. It can be cured by the so called “essential fatty acids.” 
This action is independent of vitamin Bg, since “essential fatty 
acid” preparations have been shown not to contain any vitamin 
B, and to retain their activity after treatment with diazomethane. 
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2. It can be cured by rice bran concentrate. This action is 
independent of fatty acids, but is dependent upon vitamin Bg 
plus a second “accessory factor.” This second factor has been 
shown to be included in the filtrate from the fullers’ earth treat- 
ment of rice bran concentrate. 

Vitamin Bs, both in crude preparation and in crystalline form, 
had only a temporary effect on acrodynia in the absence of the 
“accessory factor.” 

Like acrodynia, the Burr and Burr syndrome was cured by 
both “essential fatty acids’ and rice bran concentrate. The 
Burr and Burr syndrome was produced by the addition of dried 
brewers’ yeast to our acrodynia-producing diet. Gradations be- 
tween the severe symptoms of acrodynia and the mild symptoms 
of the Burr and Burr syndrome were obtained by feeding increas- 
ing amounts of yeast. 
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A MICRO BLOOD ESTERASE DETERMINATION APPLIED 
TO STUDIES OF RATS BEARING ADENOCARCINOMA 


By E. ELIZABETH TROESCHER anv EARL R. NORRIS 
(From the Division of Biochemistry, University of Washington, Seattle) 


(Received for publication, October 25, 1939) 


The esterase activity in blood or tissues has usually been meas- 
ured by titration of the acid liberated in the hydrolysis of the 
ester used as substrate. Cattaneo and Seoz (1) in 1937 deter- 
mined esterase activity by an electrometric titration, using the 
null point method, with quinhydrone electrodes. Their method 
required the use of 1 cc. of serum, and measured the hydrolysis 
of tributyrin in a buffer mixture of ammonia and ammonium 
chloride of pH 8. 

Green in 1934 (2), using a titration method requiring 0.5 ec 
of serum, reported that during the growth of Jensen sarcoma in 
the rat the esterase content of the serum of the rats fell progres- 
sively. Because of the large amount of serum required it was 
necessary to sacrifice the rat for each determination, and the 
change in enzyme activity with development of the tumor could 
not be followed on the same rat at progressive stages of tumor 
growth. Consequently there were exceptions in the attempt to 
correlate the tumor growth with enzyme activity. 

In the experiment described below, a micromethod was devised 
by which the blood esterase activity of an individual rat could be 
measured at frequent intervals. Wistar rats were used, three- 
fourths of which bore implanted adenocarcinomas. The decrease 
in pH of a buffered solution, due to the butyric acid liberated 
from the hydrolysis of ethyl butyrate by rat blood, was taken 
as a measure of the blood esterase. 


Method 


To 1 ce. of m/15 phosphate buffer solution (pH 8.9) in a sero- 
logical test-tube, was added 0.05 ce. of oxalated rat blood obtained 
553 
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from the tail. Buffer solution was drawn twice through the 
micropipette used for the blood, in order to rinse it. 1 drop of 
ethyl butyrate, purified as indicated below, was introduced. 
The mixture was then well shaken by a rotary motion, and a 
paraffined cork inserted. After incubation of the tube for exactly 
3 hours in a water bath at 38° + 0.1°, it was immediately cooled 
to room temperature and the pH of the contents determined by 
means of a quinhydrone electrode. The difference between the 
pH of this solution and that of a blank run without blood was 
taken as a measure of the esterase activity. Duplicate deter- 
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Fig. 1. Decrease of pH caused by varying amounts of esterase, obtained 
by decreasing the concentration of a single sample of normal rat blood. 


minations on the same blood sample usually checked to within 
0.02 pH, with a maximum observed variation of 0.05 pH. 

Results obtained on blanks run with the addition of enzyme 
inactivated by heating in a water bath at 60° for 1 hour were 
compared with the results obtained on blanks run with the blood 
omitted. No differences could be detected, and it was therefore 
concluded that the addition of the small amount of oxalated blood 
used had no appreciable effect on the pH of the buffer solution. 
The pH of the blank as measured on the glass electrode remained 
constant at 8.41 throughout the experiment. 

The relationship between concentration of enzyme and pH 
change obtained is shown in Fig. 1. The data for this curve 
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were obtained by use of a series of dilutions of the blood of one 
normal rat. 

The ethyl butyrate used was a purified fraction prepared from 
atechnical grade. The technical ester was treated with a solution 


TaBLe I 


Measurements of Tumors at Various Intervals after Inoculation of Peritoneal 
Fluid Containing Adenocarcinoma Cells 


Size of tumor | Days after 





Rat No. | 10 daysafter | inocula- | Size of tumor Remarks 
inoculation | tion 
em, | cm, 
1 3.2 X 2.1 16 3.8 X 2.1 Necrosis, killed 16th day 
2 |2.56 x 1.3 16 3 X1.6 = “ ith * 
3 |2.5xX 1.9 16 2.5 <X 2.5 Killed 16th day 
4 (|1.3X1.3| 16 | 1.9 X 1.9/ Healed to a scab* 
5 1.8 X 2.8 Killed 11th day 
6 2.1 X 1.6 16 2.5 X 3.2 t 
7 $/1.3x1.0| 4 |16x1.9 t 
8 2.21.3) 14 2.8 X 2.5 | Killed 14th day 
11 2.8 X 1.6 16 3.3 X 3.2 | Necrosis, killed 16th day 
12 |35X1.9| 16 | 4.4 X 3.2) Killed 16th day 
13 2.8 X 1.6 16 | 4.4 X 3.2) § 
4 (25x19) 14 |3.2x 2.5 | 
6 1321.3) 4 | 4.1 * 2.2] q 
16 3.52.2) 16 | 4.4 X 3.2 | Necrosis, killed 16th day 
17 2.5 X 2.5 16 3.2 X 3.2 ” very anemic, killed 
| 


16th day 





* Rat 4 had completely recovered on the 26th day. 

t Rat 6 had a slightly smaller tumor with a necrotic center on the 21st 
day; the rat had to be sacrificed for use in further implantations. 

t Rat 7 showed a receding tumor; on the 17th day the tumor was 1.6 
1.6 em.; on the 26th day only a slight lump and scar remained. 

§ Rat 13 showed a necrotic tumor with size unchanged on the 2ist day. 

|| Rat 14 was killed on the 17th day; the tumor was 4.6 X 2.5 cm. with 
necrosis. 

¥ Rat 15 was killed on the 17th day; the tumor was 4.3 X 3.0 em. with 
necrosis. 


of sodium carbonate and then washed with water. It was dried, 
first over anhydrous potassium carbonate, and then over P,Os. 
The neutral, dry ester was fractionally distilled three times and 
the fraction boiling between 118-123° collected for use. As 
the ester is somewhat unstable in the presence of traces of mois- 
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ture, it was stored in a flask having two fused-in side arms with 
stop-cocks, to each of which was attached a sealed P,O; tube. 
One of the side arms was a fine capillary tube so arranged as to 
serve as a siphon for obtaining a portion of the ester. When an 
aliquot was being obtained for analysis, the ester was kept an- 
hydrous by admitting air through an open P.O; tube, and the 
capillary siphon tube was filled with ester from which drops could 
be delivered to the reaction tube. Variation in the size of the 
drop did not affect the accuracy of the method, as 1 drop of the 
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Fia. 2. Effect of progressing and receding tumors on the esterase content 
of the blood of rats with adenocarcinoma. The figures on the curves refer 
to the rat numbers. X = necrosis. 


neutral ester was more than enough to saturate the test solution 
used, and the determination was shown to be independent of 
the amount of excess beyond saturation. 


EXPERIMENTAL 


Two litters of the same age (37 days) were used simultaneously. 
Litter 1 contained nine rats, of which one male (Rat C,) was left 
as an uninoculated control. Litter 2 contained eleven rats; of 
these, three females and one male (Rats Cu, Ciz, Cu, and Cis) were 
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left uninoculated. Eight rats from Litter 1 and seven rats from 
Litter 2 were inoculated in the groin with 0.5 ec. of peritoneal 
fluid containing adenocarcinoma cells. The peritoneal fluid was 
obtained from a rat about 2 months old, into whose peritoneal 
cavity several small, non-necrotic pieces of adenocarcinoma had 
been implanted 10 days previously. 

All of the animals inoculated developed growing tumors. The 
measurements of these tumors at various time intervals after 
inoculation are given in Table I. Determinations of esterase 
activity were made on tail blood at various intervals up to 26 
days after inoculation, as shown in Fig. 2. The rats were killed 
at the time intervals indicated in Table I. More than one de- 
termination was made on all rats except three (Nos. 3, 5, and 8). 
The results obtained on these three rats were consistent with 
the results on the other rats. 

The results shown in Fig. 2 when compared with the growth 
of tumor given in Table I indicate that, during the growth of an 
implanted adenocarcinoma, the esterase activity of the blood 
of rats falls far below the range of fluctuations shown by normal 
rats, and that there is a progressive decrease with the development 
of the tumor in a given rat. The results on Rats 4, 6, and 7 
show that the presence of a receding tumor is accompanied by a 
rising of the blood esterase activity toward normal values. 


SUMMARY 


A micro esterase determination was devised, so that changes in 
the blood esterase activity of a single rat could be followed during 
the growth of an implanted adenocarcinoma. During the growth 
of the tumor, the esterase activity of the blood fell far below the 
range of fluctuation of blood esterase values found for normal rats. 
Three of the rats exhibited receding tumors; in each case a blood 
esterase activity rising toward normal values accompanied the 
recession of the tumor. 
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THE FORMATION OF CREATINE FROM GLYCOCY- 
AMINE IN THE LIVER 


By HENRY BORSOOK anv JACOB W. DUBNOFF 


(From the William G. Kerckhoff Laboratories of the Biological Sciences, 
California Institute of Technology, Pasadena) 


(Received for publication, November 15, 1939) 


The study of the precursors of creatine in animals has been 
beset by two difficulties principally. One has been the lack of 
really adequate biological material; the other, the lack of a specific, 
and at the same time sensitive analytical method. Experiments 
hitherto have consisted in attempts to change the urinary excre- 
tion of creatine and creatinine, or the creatine content of the tis- 
sues of intact animals or of isolated perfused organs. The normal, 
ie. uncontrolled, fluctuations in tissue composition and urinary 
excretion are relatively large compared with the changes induced 
experimentally; it is often impossible to distinguish when experi- 
mental effects are observed, whether these have arisen from 
changes in the processes of excretion or synthesis; there may be 
variations in the water content of the tissues, thereby affecting 
their percentile composition; all of these have stood in the way of 
firm conclusions being drawn. 

Some of these difficulties have been avoided in perfusion experi- 
ments on isolated organs (1). These experiments are extremely 
laborious, time-consuming, and costly. The experimentally 
induced change in creatine content is at the most—about 30 per 
cent—a small deviation from the normal. The normal base-line 
is not constant but varies with the age and weight of the animal. 
Since the same specimen cannot be used for the experiment and 
control, a large number of animals must be used first to establish 
the normal base-line, encompassing the variations of the normal, 
and then an equally large number for each single experiment in 
order to obtain a body of data sufficiently large for a statistical 
conclusion which may be significant. 
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In 1935 we published some observations of a slight increase in 
in “apparent”’ creatine when rat liver slices were incubated with 
a protein hydrolysate (2). Granted that such liver slices could 
synthesize creatine, most of the difficulties in working with whole 
animals or whole organs are avoided. With tissue slices the one 
specimen of tissue provides material for controls and for testing a 
variety of experimental variants simultaneously. This was the 
reason that the observation of even a slight synthesis of creatine 
by tissue slices seemed promising. 

We were faced here, however, with the second difficulty men- 
tioned above, uncertainty whether the material which is aug- 
mented by the liver slices is really creatine. A number of sub- 
stances give a positive test with the Jaffe reagent. The amount 
of the material in question formed by the liver slices was too small 
to be identified by isolation. 

Accordingly further study of this problem was postponed until 
a more specific analytical method which could be adapted to 
submicro scale was available. Such a method was provided by 
Dubos and Miller (3). They discovered and succeeded in cul- 
turing a soil bacterium which specifically destroys creatine and 
creatinine. 

We again took up the problem, employing tissue slices and this 
new adjuvant to our former submicromethod for creatine (4). 
We have found that liver slices of the cat, rabbit, and rat are able 
to convert glycocyamine to creatine. In the experimental con- 
ditions we have observed, the increase is 5 to 20 times the amount 
originally present in the slices. The difficulties and uncertainties 
which exist in conclusions resting on statistical analysis of small 
differences have therefore been overcome. The liver is well 
suited to this study, because its normal creatine content and 
therefore the control or blank value is very low. 

We have found further that when methionine is present in the 
Ringer’s solution, the amount of creatine formed from the added 
glycocyamine was on the average about 50 per cent greater than 
when methionine was not added. We have tested thirty-two other 
substances including amino acids, methylated amines and a purine, 
and betaine. All of these were negative in this respect. It seems 
reasonable to conclude therefore that rat liver slices transfer the 
methyl group of methionine to glycocyamine, thus converting 
the latter substance to creatine. 
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Technique 


The tissue slice technique used is only slightly modified from 
that described by Warburg (5). The details of the reaction vessels 
and the manner in which they are mounted are described in a 
previous communication (6). 

The blank controls and each experimental variant were carried 
through in triplicate. We have had twenty to thirty reaction 
vessels, each containing three slices from the same liver, running 
simultaneously. It was necessary to make the sampling of the 
slices as uniform as possible, because the capacity to synthesize 
creatine may vary significantly between the lobes. The procedure 
we finally adopted was to arrange the reaction vessels in three 
rows (when each experimental variant is carried through in tripli- 
cate), one vessel in each row for each variant. Consecutive slices 
were transferred to a Petri dish containing Ringer’s solution, one 
slice for each vessel in the row. After 3 minutes soaking in this 
vessel, with gentle agitation, the slices were transferred to the 
reaction vessels. The same was done for the other two rows. 
The whole procedure was then repeated according to the number 
of slices wanted in each vessel. The reason for the 3 minutes 
soaking in the Ringer’s solution before transfer to the reaction 
vessels is that more creatine was formed than when the slices 
were transferred directly with only momentary rinsing in Ringer’s 
solution. 

At the end of the reaction period the contents of the vessels, in- 
cluding the slices, were transferred to test-tubes, and the bottles 
and transfer pipette washed with two 1 ml. portions of 0.02 n 
HCl. The test-tubes were placed in a boiling water bath for 10 
minutes with occasional stirring or shaking. After this time the 
test-tubes were cooled and the volumes made up to 6 ml. with 
0.02 n HCl. These test-tubes are marked at 6 ml. Usually 
only 0.1 to 0.2 ml. was needed to bring the volumes to the mark. 
The suspensions were then filtered. The coagulated slices with 
the coagulated protein in each vessel were transferred to small 
glass dishes and the weight determined after drying at 100°. 

The analytical procedure was essentially that described pre- 
viously (4). Some minor details were varied from time to time 
in addition to employment of the bacterial digestion procedure of 
Dubos and Miller. Table I is a protocol of an experiment in 
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which the complete analytical procedure was used. Instead of 
triplicate reaction vessels, six were used for each experimental 
variant. The boiled extracts in pairs of vessels were joined and 
filtered. To 8 ml. of this filtrate were added 2 ml. of 0.25 4 
phosphate buffer at pH 7.0. This solution was divided into two 
portions. In one-half the creatine was determined directly. The 
creatine in the other half was destroyed by a suspension of NC 
soil organisms prepared according to the prescription of Dubos 
and Miller. The difference between the color developed by 
the Jaffe reagent with and without this digestion gave the true 
creatine (and creatinine) in the original solution. 

The bacterial digestion was carried out as follows: 5 ml. of the 
solution neutralized with phosphate were transferred to a 250 
ml. Erlenmeyer flask. To this was added 1 ml. of a suspension 
of the NC soil organisms. The necks of the flasks were covered 
with squares of Parafilm and set away in an air bath at 38° 
for 4 to 3 of an hour. At the end of this time 1 ml. of 0.5 n 
HC! was added to each flask. The contents were then centrifuged, 
6 ml. of the clear supernatant solution were taken for analysis. 
The length of time the bacteria were allowed to react on the experi- 
mental solutions was based on a prior determination of the potency 
of the bacterial suspension used. It was the time required by 1 
ml. of the bacterial suspension to destroy completely the creatine 
in 5 ml. of a 2 mg. per cent solution. This was a larger amount of 
creatine than in any of the tissue extracts submitted to digestion. 

To the 5 ml. of tissue extract containing the phosphate buffer, 
but which had not been digested by the bacteria, were added 1 
ml. of water and 1 ml. of 0.5 Nn HCl. 6 ml. were then taken for 
analysis. From this point on the analytical procedure was identi- 
cal for the solutions which had been digested with bacteria and 
those which had not. Both sets were carried through to the com- 
pletion of the analysis simultaneously. 

The 6 ml. aliquots were transferred to thick walled Pyrex test- 
tubes with internal dimensions of 125 X 12mm. The tubes were 
covered with parchment paper caps and autoclaved for 20 minutes 
at 125°. After they were cooled, a small amount of Lloyd’s 
reagent was added to each. We have found that the amount of 
the Lloyd’s reagent may vary from 10 to 60 mg. without affecting 
the final result. The test-tubes were now shaken for 7 minutes 
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on a shaker of the type devised by Fisher and Wilhelmi (7). The 
tubes were then centrifuged, the supernatant solution discarded 
with the last drop at the rim of the test-tube taken up with filter 
paper, and the Lloyd’s reagent resuspended in 2 ml. of 0.01 Nn 
HCl. The tubes were centrifuged again, the supernatant solution 
again discarded, and the adherent moisture on the walls of the 
test-tube carefully taken up with filter paper. 3 ml. of a sodium 
picrate solution were added to each tube. This solution consists 
of 10 parts of saturated picric acid (purified) and 1 part of 10 per 
cent NaOH, these being mixed immediately before use. The 
test-tubes were again shaken for 7 minutes and centrifuged. The 
color was measured on a spectrophotometer with light of approxi- 
mately 0.525 » wave-length. With concentrations ranging from 
0 to 2 mg. per cent there is a strictly linear relation between con- 
centration of creatine and the intensity of color measured in this 
manner. 

The following controls were taken through the above identical 
procedure including digestion by the bacteria: Ringer’s solution 
alone, Ringer’s solution containing the same concentration of 
glycocyamine used in the experiment, and Ringer’s solution con- 
taining glycocyamine and methionine. Each of these was carried 
out in triplicate. In addition 1 ml. of the bacterial suspension 
alone and bacterial suspension plus 5 ml. of 2 mg. per cent creatine 
were incubated with the experimental solutions and carried 
through the same analytical procedure, performed in duplicate. 
Finally a set of five standard creatine solutions with concentrations 
ranging from 0.1 to 2 mg. per cent was treated in exactly the same 
manner as the experimental solutions except that they were not 
submitted to bacterial digestion. The amounts of creatine in the 
experimental solutions and controls were determined by interpola- 
tion from the straight line given by the readings of these standard 
solutions. The above controls and the standards were carried 
through afresh in every experiment with the experimental solu- 
tions. 

It is a testimony to the convenience of this analytical method 
that we have frequently carried through more than 60 individual 
analyses from the bacterial digestion to the final spectrophotom- 
eter reading in less than 5 hours. 

We found in experiments with rat and rabbit liver that essen- 











Taste I 
Formation of Creatine by Rat Liver Slices in 6 Hours at 37.5° from Glycocyamine 
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tially the same result was obtained whether bacteria were used or 


ut not. Accordingly we later dispensed with the use of the bacteria, 
a) except as indicated. 

if 

i Results 

‘| Table I is a condensed protocol of a typical experiment. The 
i * figures in Column 6 are the spectrophotometer readings converted 


. to mg. per cent by interpolation from the standard curve. The 
figures in Column 7 are obtained by subtracting from those in 
. Column 6 the values of the glycocyamine or glycocyamine plus 
| the methionine blank, and the amount present in the tissue at 
zero time. The glycocyamine blank value is quite large. It 
arises from the conversion of glycocyamine to glycocyamidine 
during the autoclaving. It was essential that the glycocyamine 
blanks be treated exactly the same as the experimental solutions 
through all the operations from immersion in the water bath at 
37.5° for the same length of time to the final development of the 
color. The figures in Column 8 are obtained by subtracting from 
those in Column 7 the amount of chromogenic material formed by 
the tissue in the Ringer’s solution without glycocyamine. Q(crea- 
tine) (Columns 9 and 14) is the amount of creatine formed, ex- 
pressed as if it were a gas in c.mm. at s.T.P., per mg. of tissue 
(dry weight) per hour. The figures in Column 11 are the differ- 
ences between those in Columns 6 and 10. From the figures for 
the blanks in Columns 6 and 10, it is seen that the bacteria digested 
none of the glycocyamine. The figures in Columns 9 and 14 
are not significantly different. They are a little higher in Column 
14 than in Column 9 because in Column 7 a correction should 
have been applied to the glycocyamine blank value for the gly- 
cocyamine converted to creatine, from 10 to 16 per cent. If this 
had been done, the figures in Column 8 would have been increased 
by 0.06, which would have made them the same, within experi- 
mental error, as those in Column 13. 

In a previous determination we have found that there was 
practically no creatinine in the tissue extracts. 

Table I shows that the liver slices convert glycocyamine to crea- 
tine. This, as far as we know, is the first time the biological con- 
version of glycocyamine to creatine has been demonstrated by an 
unequivocally specific analytical method for creatine, and in which 
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the tissue used both in the controls and in the experiment came 
from the identical organ specimen. The increases in the experi- 
mental vessels were from 10 to 15 times the amount present in 
the tissue at the beginning of the experiment. The figures in Col- 
umns 9 and 14 show that with added methionine there was 40 per 
cent more creatine formed than when methionine was not added. 

Most of the chromogenic material in the liver slices at the begin- 
ning and end of the experiment was not true creatine. This is in 
accord with the findings of Baker and Miller (8). There is, how- 
ever, a slight increase in true creatine in the liver slices suspended 
in Ringer’s solution containing no glycocyamine. We have found 
this repeatedly. Most of this non-creatine chromogenic material 
found in the tissue blanks is also not glycocyamine. This was 
ascertained by a direct determination for glycocyamine. 

The values for Q(creatine) are much smaller than those found 
with liver slices for the formation of urea, amino acids, or hippuric 
acid (6). Nevertheless, this rate, small though it is, is more than 
sufficient to account for the total creatine plus creatinine excre- 
tion in the rat. Thus, an adult rat with a liver weighing 12 gm. 
might excrete 9 mg. of creatine plus creatinine in 24 hours (9). 
A Q(creatine) of 0.02 would correspond in such an animal to the 
formation of 7 mg. of creatine in 24 hours. 

The following compounds and combinations of compounds 
were tried instead of glycocyamine to determine whether they 
could serve as precursors of creatine: arginine, arginine plus 
glycine, arginine plus glycolic acid, choline, glycine, glycine plus 
urea, glycolic acid, and methionine. Each of these has been 
tested on both rat and rabbit liver slices several times. The 
results have been consistently negative. 

Table II is a summary of most of our experiments with glycocy- 
amine and methionine. In the course of these experiments we 
have used glycocyamine from two different commercial sources, 
and two specimens of dl-methionine, one prepared in this labora- 
tory and one obtained commercially. A different animal was used 
for each pair of figures. 

The data in Table II show the increase in creatine formation 
invariably obtained when methionine was added to the glycocy- 
amine. Approximately the same relative increase occurred re- 
gardless of age, sex, and nutritional condition of the animal, and 
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Formation of Creatine by Rat Liver from Glycocyamine with and without 
Added Methionine at 37.5° 


Creatine Formation in Liver 
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Each of the above figures is the average of a triplicate determination. 
Each reaction vessel contained 20 to 40 mg. (dry weight) of liver, 4 ml. of 
Ringer’s solution containing 0.25 mg. of glycocyamine, and in the methio- 


nine series in addition 1.49 mg. of the amino acid. 


* Values obtained with the employment of bacteria in the analysis. 


regardless also of the duration of the experiment. 
average value for Q(creatine) < 100 from glycocyamine alone is 


4.1, and from glycocyamine plus methionine 6.6. 


The over-all 
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We have no explanation as yet for the large variations in the 
rate of creatine formation in different experiments. 

It will be noted that most of the results in Table II were ob- 
tained without the employment of bacteria in the analysis. Three 
experiments with rat liver and three with rabbit liver were carried 
out in which bacteria were used. The values for Q(creatine) were, 
as in Table I, essentially the same with and without the use of 
bacteria. We feel therefore that the results obtained without the 
use of bacteria with this tissue and under these experimental 


Taste III 


Rate for Formation of Creatine from Glycocyamine with and without 
Added Methionine 


Without methionine With methionine 














Time Amount of crea- Amount of crea- 
tit ormed Per | Q(creatine) x 100 | tite formed per | creatine) X 100 
weight) of tissue weight) of tissue 

hrs. mg. mg. 

1 0.018 2.8 0.036 6.2 

2 0.070 6.0 0.101 8.6 

4 0.095 4.6 0.150 6.4 

6 0.144 4.5 0.203 5.8 

















Each of these figures is the average of a triplicate determination. The 
composition of the Ringer’s solution and amount of tissue were the same as 
in the experiments of Tables I and II. Two lobes of liver were used. 
Consecutive slices were placed alternately in the vessels with and without 
methionine. The comparison at each hour, therefore, is of the activity of 
immediately adjacent sections of liver. Bacteria were not employed in 
the analyses here. 


conditions are as reliable indices of true creatine as those obtained 
with bacteria. 

Table III contains the results in more detail of an experiment 
in which the rate of creatine formation from glycocyamine, with 
and without methionine, was studied. The figures show that the 
methylation of glycocyamine proceeds unchecked for at least 6 
hours. The maximum at 2 hours in each series is accidental. 
It did not occur in other similar experiments. 

The absolute amount of glycocyamine methylated was not 
increased by a 10-fold increase in the initial concentration of gly- 
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cocyamine. We have not yet explored thoroughly the effect of 
changing the concentration of methionine. In one experiment 
0.0025 m methionine was as effective as 0.01 m. The fact that 
addition of so much methionine increases the rate of methylation 
only 40 or 50 per cent leads us to suspect that the methylating 
agent in the liver itself may not be methionine. Another piece 
of evidence which points in this direction is that the ratio of the 
rates of creatine formation with and without methionine is nearly 
the same throughout the whole period of from 1 to 6 hours (Table 
III). In other words, the effects of the methionine and of the 
methylating agent in the tissues were additive. It is possible 
that the methylating agent in the tissues is derived from 
methionine. 

The following compounds were tested with rat liver as possible 
methylating agents of glycocyamine. All gave negative results: 
acetylcholine, d-alanine, d-arginine, l-asparagine, l-aspartic acid, 
betaine, caffeine, choline, l-cysteine, L-cystine, ethanolamine, 
d-glutamic acid, d-glutamine, glycine, glycolic acid, guanidine, 
l-histidine, dl-isoleucine, J-leucine, d-lysine, mono-, di-, tri-, and 
tetramethylamine, d-ornithine, /-hydroxproline, dl-phenylalanine, 
l-proline, dl-serine, d-threonine, I-tryptophane, and [-tyrosine. 
The final concentration of glycocyamine in the Ringer’s solution 
in these experiments was always approximately 0.0005 mM, and 
0.0025 m of the compound whose methylating possibilities were 
being tested. The significance of the positive effect invariably 
obtained with methionine is heightened obviously by the fact 
that all of the above compounds were negative. 

Some experiments have been made with the kidneys of the cat, 
rabbit, and rat. Slices of the cortex with and without methionine 
either failed to methylate glycocyamine or the slight positive 
results were within the experimental error. These experiments 
are part of a survey not yet completed of the organs of a number 
of animals. The details of these experiments will be published 
later. 

Minced liver of the rat or rabbit failed to give any measurable 
increase in creatine in 6 hours at 37.5° on incubation with glyco- 
cyamine, with or without methionine. 

Similarly negative results were obtained with slices of heart 











nt 
at 
on 
ng 


rly 
dle 
he 
le 
ym 


dle 


id, 
e, 
2€, 
nd 
ne, 
e. 


nd 
ore 
oly 
uct 


at, 
ne 
ive 
its 
er 
ed 





H. Borsook and J. W. Dubnoff 571 


and sartorius. But the cell structure is not preserved in slices 
of these muscular structures as it is in slices of liver. 

Until conditions are discovered in which positive results are 
obtained with minced liver, we feel that no significance can be 
attached to negative results with sections whose cell structure has 
been broken or to extracts of other organs. 


DISCUSSION 


Beard, Boggess, and Pizzolato (10) proposed that glycine and 
urea condense to form glycocyamine, which is then methylated by 
more glycine or glutamic acid. We have observed neither this 
condensation nor the proposed methylating reaction with rat or 
rabbit liver slices. The conclusions of Beard et al. are based 
largely on experiments on the rat. The negative results in our 
experiments with glycine and urea we believe are significant in 
view of the positive results with glycocyamine and methionine. 
Experiments on the synthesis of urea, amino acids, and hippuric 
acid have shown that results obtained with tissue slices afford 
reliable qualitative information, at least, regarding the potenti- 
alities of the intact tissue in situ. 

Bodansky (11) fed glycocyamine to normal rats and at 3, 6, 12, 
and 24 hours after feeding measured the glycocyamine and crea- 
tine concentrations in the liver, muscle, heart, and kidney. Bo- 
dansky’s interpretation of the data obtained in these experiments 
was that significant increases in creatine content occurred only in 
the kidney, and that the increases in the liver were not sufficiently 
clear cut to be significant. Bodansky concluded that his findings 
suggest ‘that methylation of the guanidoacetic acid may have 
occurred in the kidneys. . . In view of the occurrence of guanido- 
acetic acid in large amounts in the liver and the failure to show an 
increase in creatine, it is surmised that the liver plays an insig- 
nificant rdle, if any, in creatine production.” 

This surmise is in direct conflict with our observations. Bo- 
dansky’s experimental observations, however, and ours are not in 
conflict. Thus the creatine content of the liver in two controls 
in Bodansky’s experiments was 16.0 and 20.4 mg. per 100 gm. of 
tissue, and in three experiments with glycine, 18.6, 16.8, and 19.0 
mg. After glycocyamine feeding the figures are 21.7 mg. in 3 hours 
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and 23.3 in 6 hours, and in a second experiment 30.5 in 3 hours 
and 22.3 in 6 hours. The relative increases over the control 
values in the liver with glycocyamine were of the same order of 
magnitude as those found in kidney. The increases in true crea- 
tine in the liver were probably relatively much larger, since most 
of the chromogenic material in the liver with the Jaffe reagent is 
not creatine (Table I, and also Baker and Miller). 

There is another physiological factor which must be taken into 
account in interpreting the data obtained by Bodansky. This 
factor is that the kidney is better able to store creatine than the 
liver. The analyses of Baker and Miller and our own show that 
the true creatine content of the kidney is 4 or 5 times that of the 
liver. Bodansky found that when creatine was fed the creatine 
content of the liver was twice the control value at the 3rd hour 
but had declined to the control value by the 6th hour, whereas in 
the kidney the concentration was 70 per cent above the control 
value at the end of the 6th hour. 

Our observations show conclusively that glycocyamine can be 
methylated by rat liver. The rate of methylation by kidney slices 
is much slower than in liver, if it is not absolutely negative. 

All these observations are brought into accord by the hypothesis 
that in the experiments of Bodansky the creatine synthesized 
from glycocyamine in liver was quickly removed by the blood and 
stored for a relatively long period in the kidney. We have no 
reliable data of our own at present on the possible conversion of 
glycocyamine to creatine in other organs or in the muscles. 

Fisher and Wilhelmi found that when isolated male rabbit heart 
was perfused there was an increase in creatine when arginine was 
added to the perfusate. No increase in creatine was observed 
under these conditions in the hearts of prepubertal animals. 
Davenport, Fisher, and Wilhelmi (12), extending these observa- 
tions, found that glycolic acid was essential for the methylation of 
glycocyamine. They suggested the following mechanism of 
creatine formation in the rabbit heart. Arginine is broken down 
to glycocyamine and glycolic acid; the glycolic acid then meth- 
ylates the glycocyamine to form creatine. 

In rat and rabbit liver slices the results with arginine, with and 
without glycolic acid or glycine, and with the two acids alone did 
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not yield detectable amounts of either glycocyamine or creatine. 
The only substance we have yet found which is capable of meth- 
ylating glycocyamine is methionine. 

We have attempted to repeat the observations of Fisher et al. 
with slices of rabbit heart. These experiments were unsatis- 
factory because of the difficulties of obtaining uniform sampling 
and because the experimental effects were small compared with 
the amount of creatine initially present. For the reason stated 
above we do not attach any significance to these experiments. 

The difference between the observations on the perfused heart 
and ours on the liver stand, for the time being at least, either as 
an unresolved discrepancy or as indicating important differences 
in the mechanism of creatine formation in the heart and in the 
liver. 


SUMMARY 


1. Liver slices of cat, rabbit, and rat convert glycocyamine to 
creatine. 

2. This methylation is accelerated in rat liver by methionine, 
(other animals are now being studied). 

3. Methionine is the only substance we have yet found among a 
large number of amino acids, methylated amines, and other com- 
pounds which is able to effect this methylation in rat liver. 


The authors wish to thank Mr. Y. Tajima for the assistance he 
gave them throughout this work, and Dr. H. W. Davenport for 
advice and assistance in the construction of the shaker used here. 
They are indebted to Dr. R. Dubos, and wish to thank him for 
specimens of the bacteria used in these experiments and valuable 
information on the culture details. 
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DIPHTHERIAL INTOXICATION AND VITAMIN C CON- 
TENT OF THE SUPRARENALS OF GUINEA PIGS 


By CALVIN C. TORRANCE 


(From the Division of Laboratories and Research, New York State Department 
of Health, Albany) 


(Received for publication, November 17, 1939) 


The finding of Harde (1) that the vitamin C content of the 
suprarenals of guinea pigs that died from diphtherial intoxication 
is reduced has been confirmed in several reports (2-6). These 
reports, together with the observation that under certain circum- 
stances animals survive otherwise lethal doses of diphtheria toxin 
when the toxin is administered with large amounts of neutral 
sodium ascorbate (1, 7), have led to the theory (7-10) of a direct 
reaction between this substance and the toxin. No such reaction 
could, however, be demonstrated in vitro by the means available 
(11). 

The possibility that in the body vitamin C combines directly 
with diphtheria toxin was investigated by injecting sublethal doses 
of the toxin into a number of animals and determining the vitamin 
C content of the suprarenals of representatives of the group at 
frequent intervals thereafter. In a preliminary experiment (6), 
the average vitamin C content of these glands was found to be 
increased over that of the uninjected controls examined at the 
beginning of the experiment. This study has been continued and 
certain factors that were not controlled in the preliminary experi- 
ments have been investigated. 


Methods of Investigation 
Diet of Test Animals—Guinea pigs were obtained from the 
laboratory farm and those selected for each experiment were of 
uniform age and dietary history. All but one of the experiments 
were performed during the winter months when the animals had 
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been receiving alfalfa hay, oats, barley, commercial rabbit pellets, 
cabbage, carrots, and mangels, with sodium chloride and clean 
water ad libitum. In the one experiment performed in May the 
animals had received supplements of fresh grass for several weeks 
previously. 

At the beginning of each experiment the guinea pigs to be used 
were transferred to the “test animal quarters” where a ration 
similar to that on which the animals are raised is routinely fed, 
except that it contains no hay. In four of the experiments, how- 
ever, the animals on transfer were fed only the oats, barley, and 
rabbit pellets which contain negligible quantities of ascorbic acid. 
After a preliminary period on this diet to reduce the vitamin C 
concentration of their tissues, each guinea pig was given a daily 
supplement of ascorbic acid by subcutaneous injection for the 
period prior to the administration of diphtheria toxin. 

Weight of Animals—All the guinea pigs that were used without 
preliminary preparation and the majority of those that received 
the injections of vitamin C weighed from 230 to 280 gm. The 
few animals whose weight did not increase to this range during the 
period of treatment were divided equally between the test and the 
control groups at the time the toxin was injected. 

Preparation of Vitamin C Solutions—The vitamin C solutions 
were prepared by weighing out the total dose of synthetic crystals 
for the daily injection of all the animals, adding the required 
amount of 2.089 n sodium hydroxide (1 ml. neutralizes 500 mg. 
of ascorbic acid), diluting to a convenient volume with 0.85 per 
cent sodium chloride solution, and checking the final pH (6.88 
to 7.01) with a glass electrode. While the diluent and the glass- 
ware were sterilized before use, the final material was not, because 
ascorbic acid is heat-labile at a hydrogen ion concentration ap- 
proximating that of the tissues. No inflammatory reactions sug- 
gestive of bacterial contamination were observed in any of the 
control animals after as many as eighteen daily injections of such 
material. 

Diphtheria Toxin—The test animals were injected with vary- 
ing amounts of diphtheria toxin No. 496B, a stable toxin used 
in the intracutaneous test for susceptibility to diphtheria in per- 
sons and restandardized frequently. Dilutions were prepared in 
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0.85 per cent sodium chloride solution immediately before injec- 
tion. The majority of the animals were injected subcutaneously 
with a uniform sublethal dose of toxin; that is, the maximum 
amount which they would survive under favorable conditions. 
While this dose was rarely fatal to guinea pigs weighing from 230 
to 280 gm., two of seventeen animals injected with it in February, 
1938, succumbed in slightly more than 2 days. Eight of the ani- 
mals in this experiment had already been sacrificed; otherwise it 
is possible that the mortality might have been higher, since at 
that time of year the susceptibility of guinea pigs is increased. 

In a second experiment animals were injected with 1.5 times this 

sublethal dose. While they were sacrificed within 3 days, others 
in our experience when given a similar amount of this same toxin 
usually succumb within 10 days. Ten additional guinea pigs were 
injected with 3 times the standard sublethal dose of toxin and all 
died in from 20 to 55 hours with an average survival time of 39.3 
hours. 
Vitamin C Assay of Suprarenals—All animals injected with the 
largest dose of toxin were allowed to die from its effects. Those 
injected with less than this amount were sacrificed. The guinea 
pigs that died were autopsied within 18 hours. They were pre- 
served in the cold during the interval. Animals that were sacri- 
ficed were autopsied immediately. 

Both suprarenals were removed, weighed, and ground in a mor- 
tar with clean sand. The resultant pulp was taken up in an 8 
per cent solution of trichloroacetic acid which contained 2 per cent 
of the metaphosphoric acid. The suspensions were cleared by 
centrifugation and after the residues had been washed twice with 
the acid mixture the pooled supernatants were titrated with 0.005 
per cent 2,6-dichlorophenol indophenol solution after the method 
of Bessey and King (12). A stock supply of a 0.05 per cent 
solution of the dye was prepared each week in a buffer of pH 6.8 
and stored in the cold. For the titrations a 10-fold dilution was 
made and standardized daily against synthetic ascorbic acid crys- 
tals. 

Statistical Analysis of Results—The means and the stand- 
ard deviations of the means were calculated by the customary 
methods. The significance of the difference between the mean 
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of the vitamin C content of the suprarenals of the test animals and 
of the controls was estimated by Fisher’s ¢ test (13).' 


EXPERIMENTAL 


In November, 1937, twenty-five guinea pigs were injected with a 
uniform sublethal dose of diphtheria toxin. Five animals were 
destroyed and their suprarenals examined for vitamin C on each 
of the first 3 days and on the 5th and 9th days thereafter. A 
similar number of uninjected animals were sacrificed and examined 
at the same time. The results are presented in Table I. No 
significant differences were found between the means of the vita- 


TaBLe | 


Vitamin C Content of Suprarenals of Guinea Pigs* Injected with Sublethal 
Dose of Diphtheria Toxin 








No. of animals! Vitamin C in VitaminCin _s Difference between test 



































Days test animals control animals | animals and controls 
after as - ——s we —— 
iapein is d is ' | Nearest 
toxin | Test \Control| Mean |devistion| Mean |devistion| Difference| , —_| Ngeusat 
of mean of mean of means value P 
1 | 5 | 5& 0.042 | 0.009 | 0.048 | 0.009 | —0.006 0.473 | 0.6 
2 5 5 0.049 | 0.008 | 0.061 | 0.010 | —0.012 | 0.965 | 0.3 
3 5 3t | 0.065 | 0.006 | 0.062 | 0.022 | +0.003 | 0.140 0.9 
5 4t 5 0.071 | 0.018 | 0.076 | 0.011 | —0.005 0.231 | 0.8 
9 5 | 5 0.086 | 0.016 0.095 | 0.023 | —0.009 0.311 | 0.8 








* Received routine test animal diet. 
+t Number reduced owing to breakage of tubes in centrifuge. 


min C content of the suprarenals of the test animals and those of 
the controls. A progressive increase occurred, however, in the 
mean vitamin C content of the suprarenals of both groups through- 
out the period of observation, similar to that previously recorded 
(6). The cause of this increase of more than 100 per cent in the 
average vitamin C content of the suprarenals of guinea pigs trans- 


1 P, as given in the text and tables, is the probability of similarly ob- 
taining under the influence of a conventional normal variation a value of ¢ 
numerically as great as that observed in the given case (13). A difference 
between means, thus tested, may be called significant if P <0.05, and 
highly significant if P <0.01. 
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ferred from the stock to the test animal quarters, despite the fact 
that they received the same sources of vitamin C in both places, 
is not apparent. 

This observation, however, raised a question as to the inter- 
pretation of the results obtained previously in animals injected 
with lethal doses of diphtheria toxin. Since such animals have a 
pronounced anorexia prior to death, the marked decrease observed 
(1-6) in the ascorbic acid content of their suprarenals might have 
been influenced to a considerable degree by this failure to eat. 
Accordingly, in a second experiment begun in December, 1937, 
and finished in January, 1938, thirty guinea pigs of uniform weight 


Taste II 


Vitamin C Content of Suprarenals of Guinea Pigs* Injected with Lethal Dose 
of Diphtheria Toxin 























| Deviation 
Mean con- | Standard : 
. of : rare Diff from 

Doset A td tent of vite deviation a t Value of P uninjected 
= § as 

0 7 0.086 0.009 

1.5 9 0.054 0.006  —0.0382 | 2.855 0.015 | —37.2 

3 10 0.018 0.003 0.068 | 8.489 | <0.01 —79.1 








* The animals were deprived of vitamin C for 7 days, and then given 
daily subcutaneous injections of 10 mg. of ascorbic acid for another week 
prior to injection of the toxin. 

t Multiples of the sublethal dose used in the other experiments. 


were placed on a vitamin C-deficient diet for 1 week. Four of the 
animals died. At the end of the 7 days the deficient diet was 
supplemented with daily subcutaneous injections of 10 mg. of 
ascorbic acid. These supplements were continued until the death 
of the animals. 2 weeks after the experiment was begun ten of 
the group were injected with 3 times the sublethal dose of the 
same lot of diphtheria toxin used in the previous experiment and 
nine others with 1.5 times as much. As each of the animals in the 
first group died, one in the second group, in so far as possible, and 
a control that had received no toxin were sacrificed and the supra- 
renals of the three examined at the same time. The results are 
given in Table II. The mean of the vitamin C content of the 
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suprarenals of the group that was given the smaller dose of toxin 
was 37 per cent less than that of the control group. The ¢ test 
indicates that the difference between these two means was sig- 
nificant (P <0.05). The decrease (79 per cent) of the same factor 
in the group of guinea pigs that received 3 times the uniform 
sublethal dose was highly significant (P <0.01). 

In the next experiment, forty-five animals were prepared as in 
the second test. Six of them died prior to the injection of the 
toxin, one of a purulent peritonitis, the others with autopsy find- 


Taste III 
Vitamin C Content of Suprarenals of Guinea Pigs* Injected with Sublethal 


Dose of Diphtheria Toxin 








No. of 











| Vitamin C in test | Vitamin Cin | Difference between test animals 
P44 animals animals | control animals | and controls 
i eee —_ —————— = J — — — — a 
too Standard ‘Standard| _ — 
toxin |Test| Goo | Mean | fionet | Mean | tionot | of means | ¢ | tabular 
mean mean 
mg. mg. mg. mg. mg. 
0 5 0.105 | 0.021 | 
1 4 4 0.103 | 0.008 | 0.113 | 0.011 | —0.010 | 0.766 | 0.5 
2 4 | 4 | 0.086 | 0.014 | 0.122 | 0.004 | —0.036 | 2.560 | <0.05 
4t 3 | 3 | 0.112 | 0.003 | 0.114 | 0.020 | —0.002 | 0.112 | >0.9 
7 4 | 4 | 0.097 | 0.026 | 0.128 | 0.017 | —0.030 | 0.987 0.4 






































* The animals were deprived of vitamin C for 7 days, and then given 
daily subcutaneous injections of 10 mg. of ascorbic acid for another week 
prior to injection of the toxin. 

t Two animals died in slightly more than 2 days. Autopsy findings sug- 
gested that death was due to diphtherial intoxication. 


ings suggesting those described by Kohler and his colleagues (14) 
as due to a lack of some substance associated with the “grass juice 
factor.”” Seventeen of the group were injected with the same 
sublethal dose of diphtheria toxin as was used in the first experi- 
ment. Five control animals were destroyed at the time the toxin 
was given to the test group. The suprarenals from four test 
animals and from a similar number of controls were examined at 
the end of the Ist and the 2nd days. At this time two of the re- 
maining test animals died. Both had slight gelatinous edema at 
the site of inoculation of the toxin; one slight, the other marked 
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congestion of the suprarenals. The lungs of both were congested. 
The suprarenals of these two animals were not examined for vita- 


TaBie IV 
Vitamin C Content of Suprarenals of Guinea Pigs* Injected with Sublethal 
Dose of Diphtheria Toxin 





Vitamin C in test Vitamin C in control Difference between test animals 
animals animals 
































cave and controls 

‘cn dard Standard | ,. earest 
tain | Mean of 5 deviation Mean of § | deviation - t tabular 

mg. mg. | mg. mg. mg. 

1 | 0.088 | 0.006 | 0.107 | 0.012 | —0.019| 1.466 | 0.2 
2 | 0.006 | 0.007 | 0.103 | 0.009 | —0.007| 0.602 | 0.6 
4 | 0.126 | 0.009 | 0.109 | 0,006 | +0.017| 1.579 | 0.2 
9 | 0.113 | 0.010 | 0.104 | 0.013 | +0.009 | 0.549 0.6 








* The animals were deprived of vitamin C for 7 days, and then given 
daily subcutaneous injections of 10 mg. of ascorbic acid for another week 
prior to injection of the toxin. 


TABLE V 


Vitamin C Content of Suprarenals of Guinea Pigs* Injected with 0.75 of the 
Uniform Sublethal Dose of Diphtheria Torin 














No.of | VitaminCintest| Vitamin C in Difference between test 
an animals animals control animals animals and controls 
‘on | Standard Standard ial 
uct, | To | S25] oan | Geile | sean | erin, | Diference | | [Paine 

mean mean 
0 5 0.138 | 0.013 
1 5 5 | 0.159 | 0.018 | 0.160 | 0.027 | —0.001 | 0.031 | >0.9 
2 4 4 | 0.139 | 0.010 | 0.148 | 0.014 | —0.009 | 0.478 0.6 
3 5 5 | 0.112 | 0.018 | 0.136 | 0.015 | —0.024 | 1.005 0.3 
7 5 5 | 0.192 | 0.022 | 0.212 | 0.029 | —0.020 | 0.575 0.6 





























* The animals received the routine diet except for 5 days beginning 2 
weeks before injection of the toxin, when a diet deficient in vitamin C was 
substituted. Beginning 12 days before and continuing after injection of 
the toxin, daily doses of 50 mg. of vitamin C were given subcutaneously. 


min C. The experiment was continued with the remaining ani- 
mals. The results are tabulated in Table III. The 29 per cent 
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decrease in the mean of the vitamin C content of the test animals 
examined at the end of the 2nd day is significant (P <0.05). 

This experiment was repeated in May after the stock animals 
had been receiving fresh grass for several weeks. Forty animals 
were prepared and twenty of the group were injected with the 
sublethal dose of toxin. The results are presented in Table IV. 
There was no significant difference between the mean vitamin C 
content of the suprarenals of the test and of the control groups. 

In the last experiment, Table V, a definite excess of vitamin C 
(50 mg. daily) was administered to the animals for 12 days before 
the injection of 0.75 of the uniform sublethal dose of toxin and 
thereafter to each animal until it was killed. While this was 
evident in the greater amount of ascorbic acid in the suprarenals, 
no significant difference between the mean of this factor in the 
test and the control groups was recorded. 


DISCUSSION 


The data presented in this paper are given in terms of the total 
vitamin C content of the suprarenals, in accordance with the prac- 
tice of Lyman and King (5) in 1936. Haas (15), who has criticized 
results expressed similarly from this laboratory (6), presents his 
figures in terms of ascorbic acid concentration. It would appear 
that when such a method is used the congestion and edema of the 
suprarenals of guinea pigs suffering from diphtherial intoxication 
would materially influence the results. 

No significant differences were found between the vitamin C 
content of the suprarenals of the test animals and the control ani- 
mals in three of the experiments in which the amount of toxin used 
was actually a sublethal dose for the level of the susceptibility of 
the guinea pigs. On the other hand, with the larger doses of toxin 
a significant difference was observed between the ascorbic acid 
content of the suprarenals of the test and the control animals, and 
since both groups received the same amount of the vitamin sub- 
cutaneously, this difference would appear to have been a result 
of the severe intoxication. In the third experiment, two animals 
succumbed and showed postmortem changes which suggested that 
death was due to the effects of the toxin after an amount which is 
not ordinarily fatal had been given. A significant drop in the 
vitamin C content of the suprarenals of the remaining animals 
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was recorded. Changes in the ascorbic acid concentration of the 
suprarenals of the guinea pigs were, therefore, associated only with 
the administration of lethal doses of diphtheria toxin, an observa- 
tion that does not suggest the direct combination of diphtheria 
toxin and vitamin C in the animal body. 

The data in Table I as well as those previously published from 
this laboratory (6) and in Table III of the paper by Haas (15) 
indicate that under appropriate conditions the total ascorbic acid 
content of the suprarenals of guinea pigs can increase steadily after 
the injection of small doses of diphtheria toxin. Such an increase 
did not result from the intoxication, since an increase also appeared 
in the controls. 

The finding of an increased susceptibility to diphtheria toxin 
in the guinea pigs used in February, despite the fact that they had 
been given adequate amounts of vitamin C by subcutaneous in- 
jection, suggests that the special diets they received were de- 
ficient in some other factor which is related to susceptibility. 


SUMMARY 


No significant differences were found between the vitamin C 
content of the suprarenals of guinea pigs injected with a sublethal 
dose of diphtheria toxin and that of the control animals. 

After the injection of a small dose of diphtheria toxin the as- 
corbic acid content of the suprarenals of a group of guinea pigs and 
of control animals on the same diet increased steadily for 8 days. 

In another experiment a significant decrease in the ascorbic 
acid content of the suprarenals of a group of guinea pigs occurred 
48 hours after the injection of the same dose of diphtheria toxin. 
This dose while not customarily fatal to animals weighing from 230 
to 280 gm. apparently brought about the death of two of the seven- 
teen in the experiment because of a seasonal increase in their sus- 
ceptibility. 

Amounts of diphtheria toxin which are usually fatal were 
associated with significant changes in the ascorbic acid content of 
the suprarenals. With those that are always fatal, the changes 
were even more marked. 

It appears, therefore, from these experiments that the smallest 
dose of diphtheria toxin which will affect the vitamin C content of 
the suprarenal glands is the least dose which will prove fatal to 








eS - 








584 Diphtheria Toxin and Vitamin C 


some of the test animals and that this dose varies with the sus- 
ceptibility of the animals. 

The problem of demonstrating beyond question that diphtheria 
toxin and vitamin C do not combine directly in the tissues is an 
extremely difficult one, but in these experiments no evidence of a 
direct combination was obtained. The burden of proof must rest 
with those who hold otherwise, since no evidence of such a com- 
bination in vitro has been obtained. 
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VITAMIN A DEFICIENCY 
III. BLOOD ANALYSIS CORRELATED WITH A VISUAL TEST 


By L. B. PETT anp G. A. LePAGE* 


(From the Department of Biochemistry, University of Alberta, Edmonton, 
Canada) 


(Received for publication, October 10, 1939) 


Visual tests for measuring vitamin A deficiency assume the 
existence of a relationship between the rate of regeneration of 
visual purple and the amount of vitamin A in the blood. The 
evidence for such a relationship is indirect, since no correlation 
has yet been reported between any visual adaptation test and the 
blood level of vitamin A. 

The purpose of the investigation reported here was to measure 
the amount of vitamin A in the blood of subjects whose visual 
regeneration time had just been measured according to the method 
of Pett (1). Owing to the uncertainties in analyzing blood for 
vitamin A (as summarized by Wilbur (2)), a study of available 
methods was first undertaken. From this study some modifica- 
tions in procedure were evolved, and a discussion of our methods 
is necessary before we report the main investigation. 


Methods 


A comprehensive review and extensive study of this problem 
and its clinical relationships was reported by Lindqvist (3) in 
1938. Valuable comments have since been made by Wilbur (2), 
Kimble (4), and Thiele and Scharff (5). These methods depend 
on the well known blue color produced by the reaction of vitamin A 
(and carotenoids) with antimony trichloride, but the precise 
manipulations vary widely. Moreover, some workers have 
stressed the use of a stufenphotometer or a photoelectric colorim- 
eter to get more precise readings of the evanescent blue color. 


* Assisted by a grant to Professor G. Hunter from the Associate Com- 
mittee on Medical Research of the National Research Council, Canada. 
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Although such instruments may be advantageous, we have found 
that adequate accuracy can be attained, after sufficient practice, 
with an ordinary colorimeter. 

Our preliminary work led us to adopt Lindqvist’s procedure, 
but, in our hands, certain modifications in the method were found 
to be necessary. These will be discussed following the description 
of our procedure. 


Procedure 


The blood, removed by venipuncture, is centrifuged, and 3 to 5 
ml. of plasma (or serum) are measured into each of two 50 ml. 
Erlenmeyer flasks. One-tenth the plasma volume of 60 per cent 
alcoholic potassium hydroxide is added, and the flasks are re- 
fluxed on a boiling water bath for 5 minutes. 

The mixture is quickly cooled to slightly below room tempera- 
ture, and then receives half its volume of 95 per cent ethanol. 
It is then extracted three times with petroleum ether (b.p. about 
50°) to give a total volume of 35 ml. of extract. The petroleum 
ether extract is washed twice with half its volume of distilled 
water, dried by shaking with a small amount of anhydrous sodium 
sulfate, and filtered and washed into a 100 ml. Erlenmeyer flask. 
The extract is then evaporated at 30—40° with a stream of nitro- 
gen. The residue is taken up in about 1 ml. of petroleum ether, 
and washed into a small tube (8 X 75 mm.) with a further small 
portion. This is finally dried with a very small amount (about 
0.05 gm.) of sodium sulfate. The extract is filtered into a similar 
small tube, with a mark at 2 ml., with washing, and brought to 
2 ml. volume. 

This extract contains the carotene and vitamin A from the 
original plasma. Since the solution is yellow, due to carotene, 
and at a definite volume, the amount of carotene can be measured 
by comparison with a suitable standard. To do this the extract 
is put in the cup of a Leitz microcolorimeter, and the intensity of 
yellow color measured against a 10 mm. depth of 0.02 per cent 
potassium dichromate solution. It is then caleulated as -caro- 
tene, though this may not be strictly accurate. The solution is 
washed back into the graduated tube, with 0.5 ml. of petroleum 
ether. 

Since the antimony reaction takes place in chloroform, the caro- 
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tene and vitamin A must now be quantitatively transferred to 
chloroform. The petroleum ether is evaporated off in vacuo at 
room temperature, and the resulting residue taken up in 0.25 ml. 
of chloroform (v.s.p.). The chloroform solution is transferred 
to the colorimeter cup and another 0.25 ml. portion used to wash 
itin. Then 0.50 ml. saturated (30 per cent) antimony trichloride 
in chloroform is added and the resulting blue color matched 
against a 10 mm. depth of 5 per cent copper sulfate. This blue 











TaBLe [| 
Effects of Temperature and Time on Liberation of Bound Vitamin A in 
Human Plasma 
Temperature of refluxing water bath | Time of refluxing Vitamin A 
CS. min. i.u. per 100 ml. 
Boiling (97°) 30 18.4 
- 30 19.9 
“ | 30 19.4 
- 15 43.5 
- | 15 | 43.1 
= 15 43.1 
- 5 46.4 
- 5 46.2 
a | 5 45.4 
50 30 28.0 
50 30 27.6 
50 30 | 27.8 
50 60 41.1 
50 | 60 | 43.3 
50 60 | 42.7 





color is due to carotene as well as vitamin A, and must be corrected 
for the amount of carotene found above. 

Influence of Heat—Lindqvist (3) showed the importance of a 
preliminary saponification of the plasma, apparently to remove 
vitamin A from some complex.' However, the minimum time he 


1 The nature of the complex binding vitamin A is of some interest, and 
preliminary work with fractional precipitation suggests that it may be 
serum globulin. An alcoholic precipitate of one blood sample showed 400 
1.0. of vitamin A (spectrographically determined) in the precipitate and 
only 250 in the alcohol. 
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investigated, 30 minutes, destroys vitamin A, as shown in Table 
I; the table also shows that suitable results can be obtained by 
longer heating at lower temperatures. It will also be noted that 
the consistency of results is better with shorter heating times. 

Extraction with Petroleum Ether—Lindqvist extracts the saponi- 
fied plasma with diethyl ether and after several manipulations 
transfers the extracted material to petroleum ether for measuring 
the yellow color. Equally good results and quite a saving in 
time were obtained by direct extraction with petroleum ether, as 
shown in Table II. 

Calculations—The calculations involve (1) a comparison of the 
yellow dichromate standard with pure carotene in solution; (2) a 
comparison of the blue copper sulfate standard with the blue 


Tase II 
Comparison of Extraction Process in Lindqvist and Present Methods 














Lindqvist method, ethyl ether + Present method, petroleum 
eum Be. petroleum ether ether only 
| pCarotene | VitaminA | #Carotene | Vitamin A 
y per 100 ml. | iw. per 100ml. | > per 100 ml. hits, per 100 ml. 
1 2.6 41.1 2.5 | 39.0 
2.7 | 40.0 | 2.9 39.4 
2 2.9 36.6 2.8 35.5 


3.1 37.2 3.0 36.5 





color developed by pure vitamin A; and (3) ascertaining the 
amount of blue color developed under the conditions by a given 
amount of carotene. 

Pure 8-carotene (kindly supplied by the 8.M.A. Corporation) 
was weighed and dissolved in petroleum ether to give a standard 
solution. It was found that a solution containing 1.12 y per ml. 
at a depth of 10 mm. gave a yellow color equal to a 10 mm. depth 
of 0.02 per cent dichromate. 

A vitamin A solution in chloroform, free of carotene, was pre- 
pared from a pure sample, the potency of which had been deter- 
mined spectrographically by the makers and by us. This solution 
was used to develop a blue color for comparison with 5 per cent 
copper sulfate solution. It was found that 1.83 1.v. of vitamin 
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A per ml. give a blue color equivalent to 10 mm. of 5 per cent 
copper sulfate when matched at 10 mm. depth. 

It was also found that 88.0 y of B-carotene give the same amount 
of blue color as 84.1 1.v. of vitamin A, under our conditions. 

The validity of a colorimetric method must be confirmed in 
several ways. 

1. The intensity of color at different depths or concentrations 
should follow Beer’s law by showing a proportional change as the 
concentration changes. That the estimation of yellow color in the 
present method follows this requirement is shown by the following 
results obtained when f-carotene solutions were matched against 
0.02 per cent potassium dichromate solution, 10 mm. in depth. 














—_—— “ —— ao solution, | 4.48 | 2.24 | LW 
= es ae Sk ~ 3 
Depth of carotene solution, mm... | 2.8 | 5.5 10.6 








Similar results were obtained in the development of a blue color 
when varying known amounts of vitamin A were matched against 
5 per cent copper sulfate solution, 10 mm. in depth. 








Colorimeter reading, mm.| 10.0 | 6.7 | 59 | 41 








2. The method must continue to show this proportionality in 
the presence of plasma; i.e., under actual working conditions. 
This was tested by adding known amounts of carotene solution or 
of vitamin A solution to plasma (or serum) and following the 
procedure given above. The range covered and the values ob- 
tained were substantially the same as shown in the tabulations 
above, so no additional information would be provided by extra 
tables. Further verification of compliance with Beer’s law, in 
the presence of plasma, is given in the following figures. 











NEE yee | 10.0 7.5 5.0 
3 


Vitamin A found, i.u............... 4.17 
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3. The method in this case is not finally confirmed until it has 
been shown that changes in the blood level of vitamin A following 
administration or deprivation of vitamin A in a human being are 
detected by it. This proof is reserved for the next section, since 
it is also concerned with the main object of this study; namely, 
the interdependence of the diet, the blood level of vitamin A, and 
the Pett adaptation test. 


EXPERIMENTAL 


In all cases the subject was given the test described by Pett 
(1), and a sample of 10 to 20 ml. of blood was taken from an arm 
vein into a syringe containing solid sodium oxalate. The method 
already given was then followed in analyzing the blood. 





0 hr. 4 hrs. 
Vitamin A, i.u. per 100 ml........ 76 133 
Recovery time, sec................. 9 5.7 


It is seen that 4 hours after the ingestion of 20,000 1.u. of vita- 
min A our method reveals a significant rise in the level of the vita- 
min in the blood. The rise indicates that about 10 per cent of the 
administered vitamin is in the circulation but we have not as yet 
sufficient observations on absorption or removal to discuss this 
point. In any case the figures above further indicate that the 
visual recovery time is significantly reduced, as expected, from the 
increased vitamin A level of the blood. 

Table III shows that both a fall and a rise in the blood vitamin 
A can be detected by this method, when they are varied as a re- 
sult of the diet; Table III also shows the close relation of the blood 
level with the visual test. 

While this latter experiment was going on, various people, with 
different adaptation times, were bled as mentioned above, and the 
blood vitamin A determined. A total of twenty-six persons was 
so studied. The blue values obtained were corrected for the caro- 
tene found in the plasma, but the correction was never more than 
about 2 per cent of the vitamin A value. These subjects were all 
males, of ages from 20 to 30 years, in good health, not under treat- 
ment nor on special diets. Thus it was hoped that the chief 
variable would be the “‘recovery times’’ in the visual test. 
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TaB_e III 


Relation of Blood Vitamin A and Vitometer Value (Recovery Time in Seconds) 
for an Individual on Vitamin A-Free Diet 









































Days from start | Recovery time yea A oe 
sec. iu. 
0 6 87.8 
2 8 
4 9 
6 10 
8 13 
10 | 15 
11 16 
12. 10.10 a.m. 17 66.4 
10.15 ‘ 85001. v. vitamin A orally | 
10.55 “ | 14 
11.10 “ 10 
11.25 “ 9.8 117.0 
12.10 p.m. (2 hrs.) 9 
ws. 12 
4.35 “ ll 
5.35 “ 13 
7.35 “ ( hrs.) 14 64.1 
13. 9.50 a.m 15 57.5 
= 
2 
oT 
8 
< 
z 
= 
z 
> 
- 
5 + 
af 
z 
H 
S67 12 6 7 8 Bt 2 & 2 


RECOVERY TIMES IN SECONDS 


Fic. 1. Curve showing the relationship in the blood content of vitamin A 
by direct determination and by the Pett test for vitamin A deficiency. 
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The results, given in Fig. 1, show a good correlation between 
the adaptation test and the blood level of vitamin A. The curve 
is a rectangular hyperbola, with the equation y = (311/z) + 36.1, 
where y is plasma vitamin A. 


DISCUSSION 


The points about the curve in Fig. 1 show considerable dis- 
persion. While this might be due to inherent errors in the adapta- 
tion test or the blood analysis or both, there is a possible physio- 
logical explanation worthy of consideration. Our observations 
suggest that all the widely divergent points represent persons not 
in an equilibrium condition. This means that the blood level of 
vitamin A was changing, either up or down, owing to absorption 
or to transference of vitamin A into the tissues, and the adaptation 
test is not sensitive enough to detect this fact. In this connection 
it may be pointed out that we have some evidence of a diurnal 
rhythm for the level of vitamin A in the blood. 

Since it was not possible to control all these factors in the 
twenty-six persons studied, the fact that most of the points follow 
the curve closely is all the more significant. It means that small 
variations of normal physiological type, detectable by blood analy- 
sis, do not register sufficiently on the visual test to bias interpreta- 
tion. As pointed out by Pett (1), this adaptation test has been 
limited to a certain degree of sensitivity so as to be very rapid and 
simple in operation, and thus of greatest use in routine clinical 
practice. 

The form of this curve is of some physiological interest. While 
it is easier to think of correlations in terms of a straight line, this 
is not possible here, since it would cut the axes, thereby represent- 
ing zero or even negative amounts of vitamin A and adaptation 
times. This curve suggests that a person may exist at a certain 
low blood level of vitamin A, with a retarded recovery time as & 
kind of subsistence level. To build such a person up to what may 
be the optimal level requires a large amount of vitamin A and 
nearly double the blood level. Such have, indeed, been the find- 
ings on treatment already reported. Considerable interest at- 
taches to this question of the dividing line between optimal and 
suboptimal blood levels. As suggested by Pett (1), a survey of 
any group of people includes types falling on two different dis- 
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tribution curves, and a given value may be normal for one person, 
and deficient for another. Nevertheless, evidence was presented 
showing a fairly clear separation into two groups, on somewhat 
arbitrary bases. The form of the curve in Fig. 1 bears out this 
general idea of two groups of persons—one at each asymptote— 
and a transition zone. The ultimate criterion of deficiency must 
still be response to administration of vitamin A, and the visual 
test used here seems to be sensitive enough and much more rapid 
than any other for following the effects of administration. 


SUMMARY 


1. A definite correlation has been found between the vitamin A 
level in the blood, as determined by a somewhat new method, and 
the Pett visual test for vitamin A deficiency. 


The authors express sincere gratitude to Dr. M. M. Cantor for 
assistance in obtaining the blood samples; to Miss Marian K. 
Lipkind for performing the adaptation tests; and to the subjects 
of the experiments. 
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THE COLORIMETRIC ASSAY OF TOTAL, a-, AND §-17- 
KETOSTEROIDS IN EXTRACTS OF HUMAN URINE* 
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and Children’s Hospitals, Boston) 
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The present paper reports a method for determining the re- 
spective concentrations of total, a-, and §-17-ketosteroids in 
urine which is based upon the previously reported method of 
assaying mixtures of crystalline androsterone (a-steroid) and 
dehydroisoandrosterone (8-steroid) (1) and a simple means of 
eliminating the interfering effect of the non-ketonic substances 
from the colorimetric determi. ation. 

The commonly employed procedure for ‘“‘clearing” urine ex- 
tracts with decolorizing charcoal (2) may result in the loss of 
significant amounts of hormones (3). On the other hand, urine 
contains non-ketonic substances which have a color with an ab- 
sorption spectrum in the same region as that developed by 17- 
ketosteroids with m-dinitrobenzene and potassium hydroxide in 
alcoholic solution. Therefore, either these non-ketonic sub- 
stances must be eliminated or the light absorption due to them 
must be subtracted in the colorimetric assay. The method 
reported here adopts the latter procedure. In presenting the 
evidence for the validity of this correction, a procedure is also 
described for eliminating the non-ketonic substances. 

The application of the digitonin precipitation procedure to the 
detailed quantitative analysis of 17-ketosteroids in the neutral 
fraction of urine extracts is based upon the fact that steroids which 
have a hydroxyl group in the 8 position (4) on carbon atom 3 are 
selectively precipitated with this reagent. The latest evidence 
to be found in the literature (5, 6) suggests that only two 8-17- 
ketosteroids exist in significant amounts in the neutral fraction 


* This work was aided in part by a grant from the Commonwealth Fund. 
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of urine extracts. The first, dehydroisoandrosterone, is present 
in small amounts in normal urines (5, 7). The second, isoandros- 
terone, has been isolated only from the urine of patients with 
adrenal disease (6). Although it is not justifiable to state that 
the 8-17-ketosteroid fraction is composed entirely of dehydro- 
isoandrosterone, it is reasonable to conclude that the determina- 
tion of 8-steroids gives the upper limit of concentration of that 
hormone. 


EXPERIMENTAL 


Preparation of Extracts for Colorimetric Assay—The collection, 
hydrolysis, and extraction of urine were carried out according to 
the procedure described previously (3).1_ After the benzene was 
evaporated off, the extract was dissolved in 100 cc. of ethyl ether. 
The acidic and phenolic fractions were removed by washing the 
ether solution four times with 20 cc. portions of 10 per cent aqueous 
NaOH and three times with 20 cc. portions of water. An aliquot 
of the remaining ether solution was treated in the following three 
ways. (a) One portion was evaporated to dryness and the residue 
dissolved in a measured amount of absolute alcohol. This al- 
coholic solution (dark red) is hereafter referred to as the crude 
fraction. (b) To another portion of the ether solution, decolorizing 
charcoal (norit A, Pfanstiehl) in the proportion of 0.5 gm. per 100 
ec. of ether solution was added. The mixture was stirred mechani- 
cally for 3 minutes. The decolorized ether solution was filtered 
from the charcoal through Whatman No. 50 filter paper with 
the aid of suction. The charcoal was washed once with 20 cc. of 
fresh ether and the combined ether extracts were evaporated to 
dryness. The residue (essentially colorless) dissolved in a meas- 
ured amount of absolute alcohol is hereafter referred to as the 
charcoal-treated fraction. (c) In a final aliquot, the ether solution 
was evaporated to dryness and the residue was divided into ketonic 
and non-ketonic fractions by the following modification of the . 
Butler and Marrian procedure (6). The dry residue was dis- 
solved in 4 cc. of 95 per cent ethyl alcohol, and after addition of 
0.5 ec. of glacial acetic acid and 0.5 gm. of Girard’s Reagent T, 


1 We are indebted to Dr. I. Nathanson fof samples of urine extract from 
the girl with adrenal tumor. 

2 We are indebted to Dr. J. Wolfe for a generous supply of this reagent 
and for valuable advice in connection with this procedure. 
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the solution was refluxed for 1 hour on the water bath. After 
the solution had been cooled and 40 cc. of ice water added, 3 cc. of 
10 per cent aqueous NaOH were added and the mixture was 
extracted four times with 40 ce. portions of ethyl ether. The 
combined ethereal extracts, after being washed three times with 
20 cc. portions of water, were evaporated to dryness. The residue 
was dissolved in a measured amount of absolute alcohol. This 
alcoholic solution (dark red) is hereafter referred to as the non- 
ketonic fraction. 

1 ec. of concentrated sulfuric acid diluted with the water wash- 
ings of the above ether extract plus 20 cc. of ethyl ether was 
added to the aqueous phase remaining after the ether extraction 
of the non-ketonic fraction. After standing for at least 2 hours 
at room temperature, the mixture was extracted four times with 
40 cc. portions of ether. Later it was found that the recovery 
of ketones was more complete if 1 additional cc. of sulfuric acid 
was added just prior to the ether extraction. The ethereal extract, 
after being washed three times with 20 cc. portions of water, was 
evaporated to dryness. The residue was dissolved in a measured 
volume of absolute alcohol. This solution (essentially colorless) 
is hereafter referred to as the ketonic fraction. 

Determination of 8-17-Ketosteroids—The procedure previously 
described for dehydroisoandrosterone in the presence of andros- 
terone (1) was used with the single change that the residue from 
the benzene extract of the supernatant was treated twice with 
ether instead of once in order to insure that all the acetone had 
been evaporated off. 

Colorimetric Assay—The modified Callow procedure previously 
described (8) was adapted forthe Evelyn photoelectric colorimeter 
without other change. A measured quantity of a solution of 
urine extract was placed in a colorimeter tube and the volume 
brought up to 0.20 cc. by addition of absolute alcohol. 0.20 ce. 
of a solution of m-dinitrobenzene (11.6 mg. per cc.), and then 
0.20 ce. of a 2.5 n KOH, both in absolute alcohol, were added. 
The mixture and a blank solution prepared in the same way, but 
containing no hormone, were placed in a constant temperature 
bath at 25.0° + 0.2°, and allowed to develop for 80 minutes. On 
removal from the bath the test and blank reaction mixtures were 
diluted by the addition of 20.0 cc. of 95 per cent ethyl alcohol. 
The galvanometer reading of the colorimeter, with a Rubicon 
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No. 520 filter with transmission limits of 470 to 580 and a maxi- 
mum at 525 mu was adjusted to 100 with the blank solution. On 
removal of this tube the galvanometer reading after each blank 
setting should fall to the same reading within 3 units. The 
galvanometer reading (G,) of the test solution was then obtained. 
The 17-ketosteroid content of the test solutions was estimated 
by. referring to a calibration curve in which galvanometer readings 


TABLE | 


Sample Calibration Curve. Data Obtained with Crystalline Androsterone 
and Dehydroisoandrosterone 

















Sample Sete | eee Ke 
y 
Androsterone 14.56 | 12.0 0.063 
9.71 25.0 | 0.062 
6.50 37.0 | 0.066 
3.25 60.0 | 0.068 
1.94 73.0 | 0.070 
0.97 86.5 | 0.065 
0.066 (Average) 
Dehydroisoandrosterone 14.45 | 12.5 0.064 
9.64 23.0 0.066 
6.45 36.5 | 0.066 
3.22 60.0 | 0.069 
1.93 74.0 0.068 
0.96 86.5 0.066 
0.067 (Average) 
Androsterone and dehydro- | 6.48 37.0 | 0.067 
isoandrosterone 1.94 73.5 | 0.069 
0.068 (Average) 





* The amounts of androsterone and dehydroisoandrosterone in the orig- 
inal solutions from which these dilutions were made were weighed with an 
accuracy of 0.1 per cent. 


were plotted against known amounts of crystalline androsterone 
and dehydroisoandrosterone (0.05 to 0.3 mg.). When an ap- 
preciable amount of crude colored substance was present in the 
alcoholic solution tested, a correction for this crude color was 
made as follows: A quantity of the solution equal to that used for 
the 17-ketosteroid determination was added to the developed 
and diluted blank and the galvanometer reading (G2) was im- 
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mediately obtained. The mg. of sterone corresponding to this 
reading on the calibration curve subtracted from the value ob- 
tained from galvanometer reading G, gave the corrected mg. of 
sterone. Or, since the concentration of 17-ketosteroids in the 
solution in the colorimeter is described by C = K(2 — log @), 
the corrected concentration may be calculated as C, = K(log 
G, — log G,). 

By the method described above androsterone (m.p. 181.5- 
182.7°), dehydroisoandrosterone (m.p. 149-150°), and combina- 
tions of the two in concentrations ranging from 1 to 15 y per ce. 
in the colorimetric solution give a K value of 0.067 + 0.004 (Table 
I). These data, taken from a sample experiment in the course of 
establishing our calibration curve, show that the expected error 
in the colorimetric determination is approximately 6 per cent. 
The constancy of the K value for androsterone, dehydroisoandros- 
terone, and combinations of the two is in contradiction to the 
findings of Friedgood (9). We assume that this difference is due 
to differences in the colorimetric procedures employed. 

Hormones—Samples of crystalline androsterone and dehydro- 
isoandrosterone were obtained through the kindness of Dr. Erwin 
Schwenk of the Schering Corporation. They were used without 
further purification. 


Results 


The data of Table II present determinations of total and a-17- 
ketosteroids in alcoholic urine extracts before and after known 
amounts of crystalline androsterone and dehydroisoandrosterone 
had been added. The §-steroid values were calculated by differ- 
ence between the total and a-17-ketosteroids. The values ob- 
tained on the charcoal-treated, crude, ketonic, and non-ketonic 
fractions before hormone was added are given first. The theoreti- 
cal values represent the sum of the determined values and the mg. 
of hormone added. The corresponding determined values are 
listed under the first determined value. It will be seen that the 
theoretical and determined values agree satisfactorily. This 
indicates that a- and B-steroids may be assayed as accurately in 
aleoholic urine extracts as in pure alcohol solutions. 


* We are grateful to Dr. J. Wolfe for the melting point determinations. 
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The data in Table III show the distribution of a measured 
amount of crystalline 17-ketosteroid after treatment with Girard’s 
Reagent T between the ketonic and non-ketonic fractions. It 
is evident that the non-ketonic fractions are essentially free from 
steroids, while the ketonic fractions contain about 90 per cent 


Tasie II 


Recovery of Known Amounts of Crystalline Androsterone and Dehy- 
droisoandrosterone Added to Crude, Charcoal-Treated, Ketonic, and 
Non-Ketonic Fractions of Normal Male Urine 

The results are expressed as mg. per cc. of alcoholic solution. 























Total 17-keto- a-17-Keto- 8-17-Keto- 
Urine tration | Stent 
Theo- | Deter- | Theo- | Deter- | Theo- | Deter- 
retical | mined | retical | mined | retical | mined 
1. Charcoal-treated None 1.3 1.3 0.0 
1.2A. 2.5 | 2.4 | 2.5 | 2.4 | 0.0 | 0.0 
1.5 D.A. |} 2.8 | 2.6 | 1.8 | 1.1 |] 1.5 | 1.6 
2. Crude None 1.4 1.3 0.1 
0.8 D.A. | 2.2 | 2.2 
——_ oe 1 8.7 
—: = 1.6 1.3/1.3; 0.3 | 68 
ee * 1.6 1.3 | 1.3 | 0.3 | 0.3 
2. Ketonic None 0.9 0.9 | 0.0 
1.0 D.A. | 1.9 | 1.9 | 0.9 | 0.9 | 1.0 | 1.0 
2. Non-ketonic None 0.2 
1.1D.A. | 1.3 | 1.3 
— - 0.8 | 0.8 
3. Ketonic None 2.0 0.9 1.1 
0.4 A. 2.4 2.3 1.3 1.2 tA 1.1 
3. Crude None 1.5 | 0.7 0.8 
0.7 A. 2.2 | 2.1 | 1.4/1.3 | 0.8 | 08 

















A. = androsterone; D.A. = dehydroisoandrosterone. 
* Calculated by the difference between total 17-ketosteroids and a-17- 
ketosteroids. 


of the theoretical yield. This evidence indicates that Girard’s 
Reagent T effectively separates ketonic substances. 

The comparison of the mg. per unit volume of urine of total, 
a-, and 8-17-ketosteroids obtained from analysis of the crude, 
charcoal-treated, ketonic, and non-ketonic fractions of urine 
extracts is presented in Table IV. The crude fraction consist- 
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Taste III 


Recovery of Known Amounts of Crystalline Androsterone and Dehy- 
droisoandresterone in Ketonic Fraction Obtained after Treatment 
with Girard’s Reagent T Expressed As Total Mg. of Hormone 


Ketonic fraction 














| Non 
- | Hormone Theoreti- | Deter- | . | fraction deter- 
wean cal | mined | iti) | retieal, 0) 
5 | Dehydroisoandrosterone| 4.0 | 3.6 | 0.90 | 0.5 
6 | Androsterone 4.0 | 3.4 | 0.85 | 0.1 
7 | Dehydroisoandrosterone| 2.8 | 2.4 | 0.86 | 0.1 
8 “e 6.3 6.9 | 1.09 0.2 
9 Androsterone* 6.3 | 6.0 | 0.95 3 


* In these experiments an additional cc. of sulfuric acid was added be- 
fore extraction of the ketonic fraction, as described in the text. 





TaBLe IV 


Comparison of Mg. per Unit Volume of Urine* of a- and 8-17-Ketosteroids As 
Determined on Crude, Charcoal-Treaied, Ketonic, and Non-Ketonic 
Fractions of Urine Extracts 














Type of urine Fraction sentel | a-Steroids | #-Steroidst 
Normal adult male, | Crude | 16.2 15.0 1.2 
Sample A | Ketonic 13.9 | 13.9 | 0.0 
| Non-ketonic | 0.2 
| Charcoal-treated 9.0 7.6 1.4 
Normal adult male, | Crude 16.0 13.6 2.4 
Sample B | Ketonict | 16.0 13.1 2.9 
Non-ketonic 0.6 
| Charcoal-treated 10.5 9.5 1.0 
Girl with carcinoma of | Crude 167 63 104 
adrenal cortex Ketonic 151 | 64 97 
| Non-ketonic 3.5 | 
| Charcoal-treated | 
0.25 gm. | 130 51 79 
1.00 “ _ 88 | 38 50 








* Approximately 1 liter for the normal adult male urine and the 24 hour 
amount for the girl patient. 

t Calculated by difference. 

t In these experiments an additional cc. of sulfuric acid was added be- 
fore extraction of the ketonic fraction, as described in the text. 
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ently gives the highest values. The values obtained from the 
ketonic fraction represent about 90 per cent of the values obtained 
on the crude fraction, as would be expected. The sterone content 
of the non-ketonic fraction is very low. The charcoal-treated 
fractions give values for the male urines about 33 per cent lower 
than the crude and for the urine from the girl 20 per cent lower 
when 0.25 gm. of charcoal was used and 44 per cent lower when 1.0 
gm. of charcoal was used. Thus there is a significant loss of 
hurmone coincident to treatment with this decolorizing charcoal, 
which apparently varies in proportion to the amount of char- 
coal used. 


Comments 


The data obtained lead to the following conclusions. 

Total, a-, and 8-17-ketosteroids may be determined with reason- 
able accuracy on crude alcoholic solutions of the neutral fraction 
of urine extracts with the procedure described here. 

Purification of neutral extracts with Girard’s reagent may be 
carried out without loss of a significant amount of 17-ketosteroids. 

Clearing extracts with decolorizing charcoal is unnecessary and 
may entail the loss of significant amounts of hormone. 

The total, a-, and 8-17-ketosteroid content of urine extracts 
may be determined with reasonable accuracy on either the crude 
or ketonic fractions. 

The accuracy of these determinations in measuring the hormone 
content of original urine will depend upon establishing the optimal 
conditions for hydrolysis and extraction. 


SUMMARY 


A colorimetric method of assaying total, a-, and §-17-keto- 
steroids is described. Two methods for eliminating interfering 
substances and the error which may be caused by treatment with 
decolorizing charcoal are presented. 


We are indebted to Dr. L. Fieser and Dr. J. Wolfe for valuable 
suggestions during the course of this investigation. 
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ESTROGENS WITH OXYGEN IN RING B 
II. 4s-ISOEQUILIN FROM 7-HYDROXYESTRONE* 


By W. H. PEARLMAN anv O. WINTERSTEINER 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, November 14, 1939) 


The original object of the work described in this series of papers 
was the synthesis of As-; double bond isomers of equilin or 17- 
dihydroequilin, which we needed for spectroscopic comparison 
with a diol (1) isolated from the urine of pregnant mares. This 
necessitated the preparation of estrogens substituted with oxygen 
in positions 6 or 7 as intermediates. The transformation of 
equilin into 7-hydroxyestrone has been described in Paper I (2). 
The present report deals with the conversion of the latter com- 
pound into one of the desired products, A¢-isoequilin. 

An attempt to dehydrate 7-hydroxyestrone directly to the 
As isomer of equilin, by heating in the presence of aluminum oxide, 
was unsuccessful. The customary method of establishing the 
double bond by splitting out benzoic acid from the 7-benzoate 
was not tried because it likewise necessitates high temperatures, 
which usually are detrimental to the yield. We therefore de- 
cided on an alternative pathway; namely, replacement of the 
7-hydroxyl group by chlorine and subsequent elimination of 
hydrochloric acid. 7-Chloroestrone benzoate (II) was obtained 
in excellent yield from 7-hydroxyestrone-3-monobenzoate (I) 
by the method of Westphal, Wang, and Hellmann (3), which em- 
ploys phosphorus pentachloride in chloroform solution with cal- 
cium carbonate as acid-binding agent. Treatment with thionyl 
chloride in pyridine, which was also tried, proved less satisfactory 
in regard to yield and purity of the product. The elimination of 


* This report is from a dissertation submitted by W. H. Pearlman in 
partial fulfilment of the requirements for the degree of Doctor of Philoso- 
phy in the Faculty of Pure Science, Columbia University. 
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hydrochloric acid from the chloro derivative was effected by heat- 
ing in pyridine solution containing sodium iodide. After removal 
of the benzoyl group by alkaline hydrolysis a compound melting 
at 266° and possessing the analytical composition of equilin was 
obtained in good yield (III). The specific rotation of the new 
equilin isomer is +150°, which is less than half the value given 
by equilin in the same solvent (+308°). The presence of a double 
bond in the a,8 position to Ring A follows from the absorption 
spectrum. The absorption curve (Fig. 1, Curve 1) exhibits two 
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distinct maxima at 263 (« = 7500) and 306 mu (e = 2500). A 
double inflection, indicative of a secondary maximum, is visible 
at about 272 mz. In its general characteristics it thus resembles 
the spectrum of 6-ketoestradiol,? although the positions of the 
maxima are not the same. 

A,-Isoequilin yields a benzoate melting at 202° and an acetate 
melting at 141°. The new equilin isomer was found to possess 
about one-third of the physiological potency of estrone.’ 


1 All melting points reported in this paper are corrected. 
? Wintersteiner, O., unpublished data. 
3 The assays were carried out in the Biological Laboratory of the Scher- 











val 
ing 
vas 
ew 


ren 
ble 
ion 
wo 


No 


ble 
les 
the 


ate 


er- 








W. H. Pearlman and O. Wintersteiner 607 


When equilin is treated with hydrogen activated by palladium 
black, dehydrogenation occurs simultaneously with hydrogena- 
tion (4). The reaction products are equilenin (5) and a stere- 
oisomer of estrone in which, as analogous experiments by Serini 
and Logemann (6) on 17-dihydroequilin indicate, carbon atom 
8 is sterically inverted (8-epiestrone, isoestrone). Our new equilin 
isomer, on the other hand, yields on hydrogenation with palladium 
estrone (IV) as the sole product. We convinced ourselves of the 
absence of equilenin by spectroscopic examination of the crude 
hydrogenated product; the absorption curve is of the simple 
phenolic type and exhibits none of the bands characteristic for 
the naphtholic estrogen. The behavior of the new isomer on 
hydrogenation is fully consistent with the position assigned to the 
double bond. 

The conversion of 7-hydroxyestrone into estrone by the chain 
of reactions described above conclusively establishes the configura- 
tion of carbon atom 8 in the 7-substituted estrogens as that pres- 
ent in the natural steroids. Our previous evidence bearing on 
this point was based on a reaction in which a stereochemical 
inversion at Cs may conceivably have taken place; namely, on 
the Wolff-Kishner reduction of 7-ketoestrone to 17-desoxoestrone 
(2). Since in the reactions described here as well as in the fore- 
going reduction of 7-ketoestrone to 7-hydroxyestrone carbon 
atom 8 is in no way involved, this objection does not apply here. 

The properties of A¢-isoequilin would seem to preclude its 
identity with the isoequilin which Inhoffen (7) obtained from 
5 ,6(?)-dibromoandrostanedione-3 ,17 by debromination and sub- 
sequent heat treatment. Neither do our data fit the descrip- 
tion given by Girard and coworkers (8) of hippulin, a supposed 
isomer of equilin which was isolated by these authors from the 
urine of pregnant mares. The absorption spectrum of hippulin 
has not been measured, while Inhoffen reports for his isomer only 
the location of the absorption bands (265, 275, and 334 my) 
but not their intensity. The fact that As-isoequilin absorbs 
around 263 my, isoequilin A (Fig. 1, Curve 3) (9) around 273 my, 
may indicate that Inhoffen’s substance, which he believes to be 
either a A- or a Ag-s-equilin, is possibly a mixture containing 





ing Corporation, Bloomfield, New Jersey, through the courtesy of Dr. E. 
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isomers of both these types. On the other hand, neither A,-iso- 
equilin nor isoequilin A shows any absorption around 334 my. 
There are only two other types of estrogens whose spectra ex- 
hibit bands in the region from 320 to 350 my; namely, 6 keto- 
estrone and 6-ketoestradiol, and equilenin and the dihydro- 
equilenins. All that can be said at present is that the available 
spectrographic evidence is not wholly consistent with either of the 
alternative structural formule considered by Inhoffen. 

There remains to be discussed the possible structural relation- 
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Fic. 1. Absorption spectra of A¢s-isoequilin (Curve 1), Compound 3 
from the urine of pregnant mares (Curve 2), and isoequilin A (Curve 3). 
Solvent, ethyl alcohol. 





ship of A¢-isoequilin to the diol isolated from the urine of preg- 
nant mares by Hirschmann and Wintersteiner (1), designated in 
their paper as Compound 3. At present this question also can 
be examined only on the basis of the spectrographic findings. 
It need hardly be mentioned that the nature of the functional 
group at C,;—ketonic or alcoholic—is immaterial in this respect. _ 
The spectrum of the diol (Fig. 1, Curve 2) clearly indicates the 
presence of a double bond in a,§ position to the phenolic ring. 
The maximum of the main band is located at nearly the same wave- 
length as in the spectrum of A,-isoequilin; namely, at 264 mg. 
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However, « (maximum) of this band is nearly twice as high for 
the urinary diol as for the new A, ketone. In the region from 285 
to,310 my the curve of the diol flattens out without revealing any 
distinct bands, while that of As-equilin shows a well defined maxi- 
mum at 306 my. Although about 8 per cent of 6-dihydroequilenin 
was present in the preparation of the diol, the contribution to 
light absorption from that source is negligible in this region. A 
general similarity of the two curves in regard to the locations 
where light is absorbed cannot be denied, but the quantitative 
differences are too pronounced to lend support to the view that the 
diol is a Ag compound. We are now forced to include in our 
considerations the only remaining possibility for the location of 
the double bond in the diol, namely position 9-11, which is like- 
wise a,8 to)Ring A. Indeed, the spectrum of the diol bears a 
fair resemblance to that of a compound described in a previous 
publication (9), to which we assigned the structure of a 14-epi- 
Ao-n-8-hydroxyequilin. In any case it will be necessary to 
isolate larger amounts of the difficultly accessible diol and to sup- 
plement the spectrographic evidence, which is inconclusive at 
present, by chemical studies, especially hydrogenation and dehy- 
drogenation experiments. 


EXPERIMENTAL 


7-Chloroestrone-3-M onobenzoate—29.3 mg. of 7-hydroxyestrone- 
3-monobenzoate, m.p. 180-181°, were dissolved in 2 cc. of dry 
chloroform and 30 mg. of dry, pulverized calcium carbonate 
added. The mixture was chilled to 0° and 30 to 35 mg. of freshly 
sublimed phosphorus pentachloride added in small portions with 
shaking during the course of 20 minutes. After about 10 min- 
utes the reagent was decomposed with 2 cc. of cold saturated 
sodium bicarbonate solution, and the reaction product extracted 
with chloroform. The chloroform extract was dried with sodium 
sulfate, filtered, and evaporated. The white crystalline residue 
from the dried chloroform solution was recrystallized twice from 
absolute alcohol with a few drops of benzene. 19.5 mg. melting 
at 247-248° with decomposition were obtained. 

Repetition of the experiment with larger amounts gave a 
slightly higher yield (70 per cent) of pure material. 

Analysis—CyH0;Cl. Calculated. C 73.43, H 6.16, Cl 8.67 
Found. “78.24, * 6.24," 8.28, 8.36 
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Ac-I soequilin—82 mg. of 7-chloroestrone benzoate and 300 mg. 
of sodium iodide were dissolved in 1.5 cc. of dry pyridine. The 
solution was heated in a sealed tube on a steam bath for 40 hours. 
On addition of 8 cc. of water a crystalline precipitate separated 
which was centrifuged and washed repeatedly with water. The 
crude product melted at 187-192°. A preliminary experiment 
had shown that this product still contained small amounts of the 
starting material. Since the latter is much less soluble in alcohol 
than A,-isoequilin benzoate, recrystallization at this stage serves 
no purpose. The crude benzoate was therefore hydrolyzed by 
boiling for 40 minutes with 5 per cent methyl] alcoholic potassium 
hydroxide. The slightly yellow solution was made weakly acidic 
with hydrochloric acid and, after dilution with water, extracted 
with ether. The ether extracts, after being washed with bi- 
carbonate solution and water, were brought to dryness. The 
crystalline residue (43 mg.) was recrystallized three times from 
absolute alcohol, yielding 30 mg. of elongated plates with oblique 
ends, m.p. 265-266°. [a]*4 = +150° (0.93 per cent in dioxane). 


Analysis—C,sH20O2. Calculated, C 80.55, H 7.52; found, C 80.46, H 7.46 


Ac-Isoequilin Acetate—23 mg. of As-isoequilin were dissolved 
in 2 ec. of dry pyridine and | cc. of acetic anhydride. The solu- 
tion was permitted to stand overnight at room temperature. On 
addition of water the ester separated in crystalline form. This 
precipitate was centrifuged and washed repeatedly with water 
(24 mg., m.p. 138-139°). Reerystallization from 90 per cent alco- 
hol yielded 19 mg. of needles melting at 140°. The analysis of 
this product was 1 per cent too low in carbon. The acetate was 
therefore hydrolyzed with alkali to the free compound (m.p. 
266°), which on analysis gave satisfactory figures (C 80.30, H 
7.52), as did the original sample. The acetylation experiment 
was then repeated under the same conditions, but for the final 
recrystallization a mixture of benzene and pentane (1:10) was 
used instead of dilute alcohol. This preparation (m.p. 140-141°) 
analyzed correctly after being dried at 110° and 8 mm. 


Analysis—C2oH20;3. Calculated, C 77.38, H 7.15; found, C 77.16, H 6.90. 


Probably some alcohol was retained in the first preparation in 
spite of the rigorous conditions of drying. 
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Ac-Isoequilin Benzoate—13 mg. of A¢-isoequilin were dissolved 
with warming in 10 cc. of 1 N sodium hydroxide. The colorless 
solution was permitted to cool and 0.25 cc. of benzoyl chloride 
was then added in three portions with vigorous shaking. The 
precipitate was washed well with water. On crystallizing once 
from absolute alcohol 14 mg. of long white needles were obtained, 
which melted at 200-201°. Two more recrystallizations yielded 
9 mg. which melted sharply at 202°. For analysis the preparation 
was dried for 8 hours at 110° and 0.01 mm. to constant weight. 

Analysis—C2;H2,O;. Calculated. C 80.63, H 6.50 
Found. “ 79.87, 80.04, H 6.45, 6.40 

The deficit in the carbon figure is probably due to retention 
of solvent, since the sample of A¢-isoequilin from which the ben- 
zoate was prepared gave the correct analysis. 

Estrone from A¢-Isoequilin—7.7 mg. of A¢-isoequilin recovered 
from the mother liquors (m.p. 261—-263°) were dissolved in absolute 
alcohol and hydrogenated in the presence of palladium black. 
On evaporation of the filtered solution 7.3 mg. of a crystalline 
residue were obtained, which on recrystallizing once from alcohol 
yielded 6.2 mg. melting at 256-257°. The determination of the 
specific rotation was carried out in a 1 dm. micropolarization tube. 
[a]®> = +150° (0.92 per cent in dioxane). 

The ultraviolet absorption spectrum was identical with that of 
estrone (maximum at 283 my, « = 2200). 

The material was recovered and recrystallized to yield 4.8 mg. 
melting at 256-257°. A melting point of 258-259° was observed 
when the product was mixed with an authentic sample of estrone, 
m.p. 259°. 

Analysis—C,3;H2,O2. Calculated, C 79.97, H 8.20; found, C 79.61, H 8.20 


SUMMARY 


The preparation of As-isoequilin from 7-hydroxyestrone is de- 
scribed. The new equilin isomer is not identical with the iso- 
equilin of Inhoffen. Unlike equilin it yields estrone on catalytic 
reduction. A¢-Isoequilin possesses about one-third of the physi- 
ological potency of estrone. 


The microanalyses reported in this paper were carried out by 
Mr. William Saschek. 
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RELATIVE AMOUNT OF HEPATIC GLYCOGEN DEPOSITED 
BY GLUCOSE, GLYCINE, AND dl-ALANINE 


By EATON M. MacKAY, ARNE N. WICK, anp HERBERT O. CARNE 
(From the Scripps Metabolic Clinic, La Jolla, California) 


(Received for publication, October 21, 1939) 


It was shown long ago that glyeine and dl-alanine are both 
converted entirely to glucose in the phlorhizinized dog (1). If 
these compounds are converted to glucose as a step in their 
metabolism by the normal animal, it would be supposed that they 
should be as good glycogen formers as glucose. The reports in 
the literature are very much at variance with each other and none 
of them permits of any such conclusion as this. Pfliiger and 
Junkersdorf (2) found that the liver glycogen increased when 
normal fasted rats were fed glycine. Wilson and Lewis (3) made 
observations on the liver glycogen of rats 1, 4, and 16 hours after 
the administration of these compounds and concluded that, while 
dl-alanine caused a rapid deposition of liver glycogen, glycine 
produced no glycogen. Hodgson (4) concluded that alanine does 
not readily form glycogen, while Reid (5) found that alanine 
forms glycogen easily, but concluded that glycine does not do so. 
The latter’s conclusions were based upon observations made 
4 hours after feeding, a point of interest in connection with our 
results. Butts et al. (6), as a result of observations made 8 hours 
after their administration, concluded that glycine is a fair glycogen 
former but that dl-alanine is a much better one. 

There is one important point which previous investigators, 
with the exception of Wilson and Lewis (3), have not mentioned 
and that is the question of the rate of formation of glycogen. It 
would be very easy to conclude that two substances which formed 
equal amounts of glycogen were not of equal effectiveness as 
glycogen formers, if the rate of formation was different and 
sufficient observations were not made to measure the peak in the 
amount formed by each substance. Experiments carried out for 
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other purposes brought this possibility for glycine and alanine 
to our attention. These data and the interesting results reported 
by Luck (7) prompted us to undertake the experiments described 
here. He found that the administration of equivalent amounts 
of glycine and dl-alanine to rats increased in the same measure the 
amino acid content of the systemic blood and that, while alanine 
produced no change in the amino nitrogen content of either liver 
or muscle, glycine provoked a great increase of the amino nitrogen 
in both these tissues, which persisted for many hours. This of 
course suggests that the action of glycine proceeds much more 
slowly than that of alanine and hence that its influence on glycogen 
formation would be much slower. 


EXPERIMENTAL 


Our experiments were carried out on female rats 59 to 66 days 
old. They weighed from 91 to 136 gm. and the groups averaged 
108 to 121 gm. in weight. They were fasted for 48 hours after 
receiving the stock diet and the solutions administered in the 
amount of 1 cc. per sq.dm. of body surface. Body surface was 
calculated from the gross body weight by the formula of Carman 
and Mitchell (8). The glucose and dl-alanine were Pfanstiehl’s 
best preparations and the glycine used was Squibb’s product. 
The glucose solution had a concentration of 1 mole, the glycine 
of 3 moles, and the dl-alanine of 2 moles per liter, so that the 
carbon equivalents of the three solutions were the same. The 
solutions were administered by stomach tube, and at intervals of 
2 hours three groups of five rats each, one for each substance, 
were killed and liver glycogen determined by the method of 
Good et al. (9). 


Results 


The liver glycogen concentration increased to a maximum of 
2.00 per cent after glucose feeding, 2.36 per cent after glycine, 
and 1.96 per cent after dl-alanine. The highest concentrations 
of glycogen in the three series of groups is reached after glycine 
feeding, which has heretofore had the reputation of being a very 


inferior glycogen former, if it formed any at all. The differences 


in the amount of glycogen formed are shown very well in Fig. 1. 
These experiments are not designed to determine whether or not 
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the larger amount of glycogen deposited after glycine feeding than 
after glucose or dl-alanine is significant. Although there is no 
great difference in the amount of glycogen formed, there are great 
differences in the rate of glycogen formation. Glucose reaches 
its peak at 6 hours and the dl-alanine only 4 hours later. At 
the peak of glycogen formation from glucose the glycine has not 
even begun to cause a measurable glycogen synthesis and the 
peak of glycogen deposition in the liver, due to feeding this 





LIVER GLYCOGEN /N MG/M PER SQ. OCH. B.S. 








Fic. 1. Effect of feeding glucose, glycine, and dl-alanine on glycogen 
deposition in the liver, measured in mg. per sq.dm. of body surface.' 


amino acid, is not reached until 8 hours later. It is easy to see 
from the data presented here the reason for the diverse conclusions 
reached in regard to the glycogen-forming efficacy of the com- 
pounds we have considered when observations were made at a 
single point. 


'The detailed data and the averages used for the preparation of the 
graphic presentation of the results in Fig. 1 have been deposited with 
the Auxiliary Publication Service of American Documentation Institute, 
Washington, D.C., as supplementary material, Document No. 1319. 
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DISCUSSION 


The differences in the rate of glycogen deposition in the liver 
might be related to differences in the rate of absorption from the 
intestine of glucose, glycine, and dl-alanine. Voegtlin et al. (10) 
raised this possibility in connection with the better protection 
against insulin hypoglycemia afforded by alanine than by glycine. 
The fact that glucose is absorbed more rapidly than alanine (11) 
might account for a part but not all of the difference in their 
relative rates of glycogen formation. The slower absorption of 
glycine than of dl-alanine or glucose (11) could hardly contribute 
very much to our results, for absorption is complete (11, 6) long 
before marked glycogen deposition occurs. 

We have assumed throughout this text tliat the liver glycogen 
which was formed with the various feedings came by direct 
conversion of the substance fed. This is the most reasonable 
assumption but for glycine it is difficult from the purely chemical 
point of view to picture such a transformation. This led Dakin 
(12) to be “inclined to believe that a direct conversion of the 
carbon of glycine in glucose does not take place but rather that 
it causes a disturbance in the normal equilibrium existing between 
the amino-acids or peptides in the body tissues with the result 
that other amino-acids, capable of furnishing glucose (e.g. alanine) 
are set free.’ Reid’s results (5) on the effect of glycine on the 
protein catabolism as measured by nitrogen and sulfur excretion 
in dogs would lend weight to this possibility. 


SUMMARY 


1. The amount of glycogen deposited in the livers of rats is 
not greatly different when equivalent amounts of glucose, glycine, 
and dl-alanine are fed. Maximum hepatic glycogen concentra- 
tions of 2.00, 2.36, and 1.96 per cent respectively are reached after 
glucose, glycine, and dl-alanine. , 

2. The rate of hepatic glycogen deposition is very different 
after glucose, dl-alanine, and glycine feeding. Glucose forms 
glycogen the most rapidly, reaching the peak in 6 hours. 10 
hours after dl-alanine feeding the liver glycogen is at its height. 
After glycine feeding, liver glycogen is at first formed very slowly 
and the highest liver glycogen concentration is not reached 
for 14 hours. 
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CYCLIZATION OF VITAMIN A,* 


By NORRIS D. EMBREE anp EDGAR M. SHANTZ 
(From the Laboratories of Distillation Products, Inc., Rochester, New York) 


(Received for publication, October 9, 1939) 


Because the absorption spectra of vitamin A, and its derivatives 
have bands located at wave-lengths from 5 to 80 my longer than 
those in the spectra of vitamin A, and its corresponding deriva- 
tives, it is generally believed that the structural formula for vita- 
min A; has six double bonds in conjugation instead of the five in 
the formula for vitamin A). 

Gillam et al. (1938) showed that the formula for vitamin A; 
must contain the 8-ionone ring, and they suggested that vitamin A» 
has the same structural formula as vitamin A; but with the 
—CH,OH group replaced by the group —CH=CH—CH,OH. 
They found, contrary to the implications of this structure, that 
vitamin A, could not be separated from vitamin A; by chromato- 
graphic adsorption or molecular distillation. 

By the elimination curve technique, Gray (1939) found that 
the temperature of distillation of vitamin Ag, differed from that 
of vitamin A, by only 3° instead of the 10° that the distillation 
temperature of an anthraquinone dye differed from that of its 
homologue containing 2 less carbon atoms. Karrer, Ruegger, and 
Geiger (1938) synthesized a material which probably had the 
structure for vitamin Ay proposed by Gillam et al. except for an 
additional methyl group. This material did not give the color 
reactions for vitamin Ag, although it had been shown that alkyl 
groups so located would not interfere with the optical properties 
of other carotenoids. 

A reaction which promised to furnish more information on the 
difference between the structures of the two vitamins was their 
cyclization. 

* Communication No. 11 from the Laboratories of Distillation Products, 


Inc. Presented before the meeting of the American Chemical Society at 
Boston, September 12, 1939. 
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When vitamin A, is treated with dry alcoholic hydrogen chlo- 
ride, it is cyclized (Embree, 1939; Edisbury et al., 1932) to yield 
cyclized vitamin A;, a material which has absorption bands at 
350, 368, and 389 mu and gives a blue color with SbCl; that is 
very similar to that given by unaltered vitamin A;. The cyclized 
vitamin A, is much less readily adsorbed chromatographically by 
alumina than are other products formed by cyclization of a rich 
vitamin A concentrate. Preparations with a value of E}%, (368 
my) equal to 2370 have been prepared. 

Edisbury et al. (1938) mentioned that an extract from gold- 
fish eyes (vitamin A) when treated with alcoholic HCl gave a 
substance which had ultraviolet absorption bands like those of 
cyclized vitamin A. The cyclization of a perch liver oil extract 
will be described below. 

3 gm. of oil extracted from several livers of perch (Perca flaves- 
cens) were saponified, yielding 0.416 gm. of unsaponifiable matter. 
This material, an orange solid, had a value for FE}, (340 my) 
of 8.88 in the ultraviolet region, and the blue color developed with 
SbCl; in chloroform had a value for E}%,, (620 mz) of 7.77 and a 
value for E}%, (690 mz) of 19.9 in the visible range of the 
spectrum. 

The unsaponifiable matter, 0.345 gm., was dissolved in alcohol 
and cyclized by making the solution n/30 with HCl and allowing 
it to stand at room temperature for 15 minutes. The solution 
was then neutralized with aqueous NaOH, diluted with water, 
and extracted with ether. From the ether extracts a residue of 
0.344 gm. was obtained. This cyclized material had, as has cy- 
clized vitamin A;, an absorption spectrum (Fig. 1) with maxima 
at 350, 368, and 390 mu. The value for E}’,, (368 mz) of this 
material was 12.5. Despite the similarity of its ultraviolet ab- 
sorption spectrum, this material cannot be identical with cyclized 
vitamin A;, because its blue color developed with SbCl; has a 
maximum absorption at 690 mu like that of unchanged vitamin 
As. Values for Ei”, (620 mz) and E}”,, (690 mz) were 6.3 and 
15.4, respectively. 

A petroleum ether solution of a portion of the cyclized material 
was passed through an adsorption tube filled with aluminum oxide 
(Brockman). Solvent was passed through the tube until the 
main band of the adsorbate had been moved about half-way 
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down the tube. The contents of the tube were divided into six 
fractions, three being washed out of the tube and the other three 
being removed with the adsorbing material. 
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Fic. 1. Ultraviolet absorption spectra of the unsaponifiable fraction of 
perch liver oil before and after cyclization. Curve A, before cyclization, 


Fie ; Curve B, after cyclization, st 


TaBLe I 


Chromatographic Analysis of Cyclized Perch Liver Oil Concentrate 





iemg,| Weight Description 
on. fas "4 7 ag 7 
1 | 0.0755 | Colorless solution washed through with petroleum ether 
2 | 0.0165 Yellow material washed through with petroleum ether 


3 0.0045 sg - ? vi “ 1% EtOH in pe- 
troleum ether 
| 0.0015 | Material in tube below main band 
0.0380 | Main band, orange 
6 0.1210 Material in tube above band (proved to be white solid 
upon removal of solvent) 


ao 


The solvent was removed from each fraction under nitrogen. 
Table I describes the appearance of each fraction. The fractions 
were weighed and the ultraviolet absorption and SbCl; color were 
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Fic. 2. Ultraviolet absorption spectra of the chromatographic fractions 
of the cyclized unsaponifiable residue of perch liver oil. The concentration 
of each fraction is us follows: Fraction 2, 0.132 per cent; Fraction 3, 0.018 
per cent; Fraction 5, 0.0304 per cent; Fraction 6, 0.968 per cent. 
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Fic. 3. Transmission spectra of the SbCl, reaction products of the 
chromatographic fractions of the cyclized unsaponifiable residue of perch 
liver oil. The measurements were made with the Hardy recording spec- 
trophotometer as described by Embree (1939). The concentration of each 
fraction is as follows: Fraction 2, 0.405 per cent; Fraction 3, 0.00965 per 
_cent, Fraction 4, 0.0103 per cent, Fraction 5, 0.00725 per cent; Fraction 6, 
0.22 per cent. 
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immediately examined. The ultraviolet absorption spectra are 
shown in Fig. 2, and portions of the absorption spectra for the 
SbCl; blue color are shown in Fig. 3. 

The optical data are summarized in Table II. Fraction 1 was a 
colorless oil which gave no SbCl; color and may have consisted 
mainly of hydrocarbons. Fraction 2 appeared to contain cyclized 
vitamin A,, since its SbCl; blue color had the maximum absorp- 
tion at 610 my, and it was not strongly enough adsorbed on 
alumina to be vitamin A;. The ultraviolet absorption spectrum 
showed only general absorption in the region where the absorp- 
tion of cyclized vitamin A, should be. The general absorption, 


TABLE II 


Optical Properties of Fractions from Cyclized Perch Liver Oil Concentrate 


Material BY? | (620 my) EY’? (690 my) BY 2 (368 my) 

Unsaponifiable matter of perch 7.77 19.9 7.13 

liver oil 

After cyclization 6.3 15.4 12.5 

Fraction 2 from chromatographic 3.2° 1.23 3.3 

separation of cyclized mate- 

rial 
Fraction 3 18.2* 4.25 19 

me 4 11.4* 2.04 Not enough 

material 
- 5 38.5 87.0 61 


i 6 1.04 1.45 1.3 





* The maximum was actually at 610 mu. 


however, was high enough to cover up the cyclized vitamin A, 
bands, since Embree (1939) showed that for cyclized vitamin A, 
the value for EjS,. (620 my) is higher than that for E}%, (368 
mu), while for Fraction 2 the value for E{%, (610 my) is lower 
than that for E}’2,, (368 mu). Fractions 3 and 4 seem to have 
contained the same material that was in Fraction 2. 

Fraction 5, the orange material that was strongly adsorbed, had 
ultraviolet absorption bands at the same wave-length as those of 
concentrates of cyclized vitamin A;, but the SbCl, blue color for 
this material had its maximum absorption at 690 my. The blue 
color was not due to the presence of enough vitamin A, to cover 
up the absorption due to cyclized vitamin A,, since the latter, if 
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present in enough quantity to give a value of 61 for E}%, (368 
my), would have had a value of E}%,, (620 mu) of about 83. 
We must conclude that the chromogenic material in Fraction § 
was cyclized vitamin A. Cyclized vitamin A, seems to have an 
ultraviolet absorption spectrum with bands at the same wave- 
length as those in the spectrum of cyclized vitamin A;. However, 
it is much more strongly adsorbed on aluminum oxide than cy- 
clized vitamin A;, and with SbCl; it develops the blue color char- 
acteristic of vitamin Ag. 

Fraction 6 seems to have consisted mainly of sterols with some 
cyclized vitamin A». The recovery from the chromatographic 
absorption was 75 per cent with respect to the absorption of light 
at 368 mu by the fractions, or 79 per cent with respect to the ab- 
sorption of light at 690 my by the SbCl; reaction products of the 
fractions. 

The main chromogenic group of the atoms in cyclized vitamin 
A; or Ag, since their absorption maxima have the same wave- 
length, apparently does not include that part of the molecule 
which distinguishes vitamin A, from vitamin Ay. The conjugated 
double bond chain appears to have been broken by the cycliza- 
tion reaction. Upon reaction with SbCl;, the distinguishing part 
of the molecule becomes optically effective again, since the SbCl, 
reaction products of the cyclized vitamins A have the character- 
istic absorption bands of the corresponding vitamins A. 

The fact that the cyclized vitamin A; is more strongly adsorbed 
than cyclized vitamin A, indicates that a method involving cy- 
clization might be developed for estimating the contamination of 
one of the vitamins A by the other, or perhaps the quantitative 
estimation of the amount of both vitamins A. For example, the 
ratio of vitamin A; to vitamin A, in the perch liver oil can be 
calculated if several reasonable assumptions are made. 

The first assumption is that there was the same per cent yield 
for the cyclization of each vitamin in the perch liver oil extract. 
The second assumption is that a value for E}%, (368 mu) will 
correspond to the same molecular concentration of either cyclized 
vitamin. This latter assumption is probably correct, since the 
ultraviolet absorption must be due to the same chromophoric 
group. However, in some of the fractions the ultraviolet absorp- 
tion is obscured, so that the quantity of cyclized vitamin present 
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must be estimated by the SbCl; reaction product. To do this 
we have assumed that the ratio of the value for E1%,, (690 mu) 
to the value for E}%, (368 my) for a preparation of cyclized 
vitamin A2, free from interfering substances, is 87:61 (the value 
of this ratio for Fraction (5), and we have also assumed that the 
ratio of the value for E}'%, (620 mu) to the value for E!%,, (368 
my) for a preparation of cyclined vitamin A, free from interfering 
substances is 1800:1318 (the value of this ratio found by Embree 
(1939)). . 
The amounts of cyclized vitamins A, and A¢ calculated as the 
product of Ej, (368 my) times the weight of the fractions are 

















TaB_e III 
Yield of Cyclized Vitamin Fractions 
Fraction No. El 7 , (368 my) Bly (368 my) X weight 
2 2.4 (Calculated) 0.040 
3 13.3 “ 0.060 
4 8.4 - 0.013 
Total cyclised vitamin Ay Nagin Swed ean 0.113 
5 61. ry 2.32 
6 | 1.0 (Caleulated) 0.12 
Total epeliand ee ee 2.44 


shown in Table III. It is found that the ratio of the number 
of molecules of cyclized vitamin A; to those of cyclized vitamin A; 
is 2.44:0.113 or 22.5:1. This presumably is the ratio of the 
molecules of vitamin A, to those of vitamin A; in the perch 
liver oil. The equation suggested by Wald (1939) for the caleu- 
lation of the ratio of vitamin A, to vitamin A, gives a value of 0 
for the amount of vitamin A; present, which is well within the 
limits of error that he claimed for such an estimation. 

An experiment has also been performed on the chromatographic 
separation of a mixture of a solution of chromatographically pure 
cyclized vitamin A, and a solution of chromatographically pure 
cyclized vitamin Az. The recovery was good, being 92 per cent 
for cyclized vitamin A; and 93 per cent for the vitamin A; 
derivative. 





626 Cyclization of Vitamin A, 


The most doubtful step in this analysis of vitamins A; and A, 
from a quantitative point of view is the cyclization process. 
Our experience has indicated that the yield of the cyclized vitamin 
is the same for each species, however. 


SUMMARY 


Vitamin A» can be cyclized by the same methods which are 
used to cyclize vitamin <A). 

Cyclized vitamin Ag, like cyclized vitamin A, has an ultraviolet 
absorption spectrum with maxima at 350, 368, and 390 mu. 

The antimony trichloride reaction product of cyclized vitamin 
Ag, like that of vitamin Ag, has an absorption spectrum with a 
maximum near 690 mu. 

Cyclized vitamin A; is more strongly adsorbed by alumina than 
is cyclized vitamin A). 

A method has been outlined for the estimation of the relative 
amounts of vitamins Az and A, by the separation of their cyclized 
derivatives. 
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A new dietary deficiency in young rats which was prevented 
by choline was described in the first papers of this series (1). 
This deficiency was characterized by a severe hemorrhagic degener- 
ation of the kidneys. The experiments demonstrated that choline 
was an indispensable dietary factor for the young rat and that 
it was required for the maintenance of the integrity of renal and 
other tissues as well as for the prevention of the deposition of fat 
or cholesterol in liver tissue (2). 

In 1929 Cox, Smythe, and Fishback (3) reported an unexplained 
nephropathogenic action of cystine in rats on a purified ration 
to which cystine was added. Cox and Hudson (4) and others 
(5) concluded that an unrecognized factor in the vitamin B com- 
plex was concerned with this toxic action of cystine. Our experi- 
ments have demonstrated that the factor which prevents the 
injurious effect of cystine is choline and that methionine has a 
choline-like action (6). This same opposition of cystine to choline 
and to methionine has been observed in experiments on the pro- 
duction of fatty livers in older rats. Beeston and Channon (7) 
found that cystine increased the deposition of liver fat and Tucker 
and Eckstein (8) noted that methionine exhibited a lipotropic 
activity. The present paper deals with the interrelationship of 
choline and the two sulfur amino acids in the production and 
prevention of hemorrhagic degeneration in young rats. 


EXPERIMENTAL 


Male rats, 38 to 42 gm. in weight and averaging 24 days of age, 
were placed in raised cages and fed the experimental diets ad 
627 





628 Choline Metabolism. II 


libitum. At the end of the experimental period the rats were 
killed by decapitation. The liver, thymus, spleen, and kidneys 
were removed at once and weighed. The latter three organs 
were dried to constant weight in an oven at 105°. Total chloro- 
form-soluble substances in the liver were determined by the 
method described by Channon, Platt, and Smith (9). Theterm 
“liver fat”’ in Tables III to VI refers in every case to this fraction. 
The components of the basal ration were the same as those de- 
scribed in Paper I ((1) p. 567). 

Liver fat is expressed in the tables as the actual weight of chloro- 
form-soluble substances, as its per cent in liver tissue, and as 
the ratio obtained by dividing the actual weight by the expected 
weight of the chloroform-soluble fraction of the livers of normal 
control rats. The weights of the liver, thymus, spleen, and 
kidneys are expressed as actual weights and as “per cent of normal” 
values. The latter values indicate the comparison between the 
weights of these organs in experimental and normal rats. It was 
previously shown that in the young male rats of this colony the 
liver weight was 4.31 per cent of the body weight and that there 
were 1.73 mg. of liver fat per gm. of body weight (1). Values 
for the fresh and dry weights of the thymus, spleen, and kidneys 
of normal male rats are shown in Tables I and II. Curves were 
drawn from these data so that the expected organ weights of 
experimental animals could be read directly. 


Results 


Effect of Choline in Prevention of Toxic Action of Cystine —The 
effect of choline in supplementing a low choline basal diet and the 
same diet plus 0.3 and 0.5 per cent of cystine is shown in Tables III 
and IV. Table III shows the basal diet, the additions of choline 
and of cystine, the occurrence of renal hemorrhagic degeneration, 
and the deposition of liver fat. Table IV shows the changes in 
the weights of the thymus, spleen, and kidneys of the same groups 
of rats recorded in Table III. 

The basal diet without added cystine (Group 1, Table III) 
was moderately toxic. Comparison of the results with the basal 
diet (Group 1), basal diet plus 0.3 per cent of cystine (Group 6), 
and the basal diet plus 0.5 per cent of cystine (Group 8) confirmed 
the toxic action of cystine. The addition of cystine increased 
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the incidence of renal lesions, the deposition of liver fat, and the 
weights of the spleen and kidneys and decreased the weight of 
the thymus. These changes are characteristic of increased choline 
deficiency (1). Except for one rat in a group of twenty, the 


TABLE [| 


Relation between Body Weight and Fresh Weight of Thymus, Spleen, and 
Kidneys in Young Normal Male Rats (Stock Diet*) 


| 


Body weight Thymus weight | Spleen weight | Kidney weight 


(per pair) 

No. of |_ : 3 . 
rats Per cent | Percent | Per cent 
Range Average Average! of body | Average of body | Average! of body 
weight | weight | weight 

Be gm. gm. mg. | mg. | mg. 
20 | 4349 45.7 | 182 | 0.398 | 207 | 0.454 | 555 | 1.215 
40 50-62 55.2 227 | 0.412 | 306 0.555 | 654 1.184 
40 63-74 68.2 271 0.398 429 | 0.629 752 1.102 

20 75-83 77.8 302 0.388 563 0.724 846 1 


| 1.088 





* Purina Dog Chow. 


TABLE II 


Relation between Body Weight and Dry Weight of Thymus, Spleen, and 
Kidneys in Young Normal Male Rats (Stock Diet) 


Kidney weight 


Body weight Thymus weight Spleen weight | (per pair) 
No, of = ; =e eens atime, 
rats | Per cent | Per cent | Per cent 
Range | Average Average’ of body | Average’ of body | Average! of body 
weight | | weight | weight 
gm. gm = —6|| omg mg. | mg. 
28 | 46-54 | 50.0 | 42.7 0.085 | 49.1 | 0.098 | 124.0 | 0.248 
15 56-65 61.8 52.3 0.085 82.6 | 0.134 | 155.4 | 0.251 
32 | 66-75 70.8 57.4 0.081 | 103.5 | 0.146 169.9 | 0.240 
19 | 76-89 81.3 62.7 0.077 | 122.8 | 0.151 | 191.6 | 0.235 
| 55.0 | 45.6 | 0.083 | 63.8 


31 43-74 
addition of 0.25 mg. of choline chloride per gm. of food prevented 
the signs of hemorrhagic degeneration but only slightly diminished 
the fatty liver effect (Group 3). 3 times as much choline were 
required to protect equally the rats fed the basal ration plus 0.5 
per cent of cystine (Group 11). Although an evaluation of the 
quantitative aspects of this opposition of cystine to choline was not 
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possible from these data, it was evident that the addition of an 
extra 0.5 mg. of choline chloride per gm. of food was necessary to 
offset the inclusion of 5 mg. of cystine per gm. of food. In this 
experiment 1 molecular equivalent of choline chloride compen- 
sated for approximately 6 equivalents of cystine. 


TaB_e III 
Relation of Cystine and of Choline to Deposition of Liver Fat and to A ppear- 
ance of Renal Lesions in 40 Gm. Male Rats during 10 Day 
Experimental Period on Low Choline Diet 


| No.ofrats | 2 | 4 3S | 33 Liver Liver fat 
—4# BigihiinahPie 
=2 <= 5 5 5 

Group No. | Pe | Es 3 a 5 = 5 lo | . 
and diet .Start | End Ht pa - = = 3 SEs 

ae | 84) ss s3 25| 84 /25| 8| of E 

| s2/ 92 | Bs | 83) oF) sé | o2 | ge 345 

| - = ©) oO = = = = 

gm. } A mg gm, mg 
1-BF3 | 40 37 54 60 | 0.0 | 0.00) 3.71) 159 | 1080) 29.1) 11.6 
2-BF36 20 20 56 30 | 0.0 | 0.13) 3.47) 144 | 1181) 32.7) 11.7 
3-BF35 | 20 | 20 58 | 5 | 0.0 | 0.25 3.34 133 925) 27.7) 9.2 
4-BF40 10 10 61 0 | 0.0 | 0.75; 2.90 110 281; 9.7| 2.7 
5-BF41 | 10 10 64 0 | 0.0 1.00 2.83 103 246; 8.7) 2.2 
6-BF5 | 21 | 18 53 86 0.3 0.00 3.81) 167 992) 26.1) 10.8 
7-BF7 20 20 62 0 | 0.3 | 5.00) 3.27| 122 141; 4.3) 1.3 
8-BF18 | 20 16 52 95 | 0.5 | 0.00) 4.22) 188 | 1158) 27.4) 12.9 
9-BF33 | 20 16 56 80 | 0.5 | 0.25) 4.36) 181 | 1248) 28.6) 12.9 
10-BF34 20 20 59 | 65 | 0.5 | 0.50) 4.12) 163 | 1249) 30.3) 12.2 
11-BF37 20 20 69 5 | 0.5 | 0.75, 4.15) 140 | 1019) 24.5) 8.5 
12-BF38 | 20 | 20 65 0 | 0.5 | 1.00 3.34) 119 426, 12.8 3.8 
13-BF39 10 | 10 69 0 | 0.5 | 2.00 3.39) 114 195) 5.8 1.6 





Diet—Casein 15, lard 35, salt mixture (Hawk and Oser (10)) 4, calcium 
carbonate 1, agar 2, cod liver oil 5, yeast 6, cystine and choline as indicated, 
sucrose to 100. 


The results of Tables III and IV demonstrated the wide-spread 
effects of the hemorrhagic degeneration. Four animals in each 
of Groups 8 and 9 died before the end of the experimental period. 
The fact that such acute signs of choline deprivation appeared 
within less than 10 days indicated that no adequate stores of 
choline were available. The parallel changes in fresh and dry 
weights of the thymus, spleen, and kidneys showed that the 
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tissue effects were not due merely to variations in water content. 
The autopsy of over 500 rats used in the experiments reported 
in this paper indicated that the change in the kidney weight is 
an accurate measure of the extent of the choline deficiency. The 
deposition of liver fat was a less accurate index, because the weight 
and fat content of the livers of the most severely affected rats 


TABLE IV 
Relation of Cystine and of Choline to Weights of Thymus, Spleen, and Kidneys 
in 40 Gm. Male Rats During 10 Day Experimental Period 
on Low Choline Diet 
For other data refer to Table III. 





Thymus Spleen Kidneys (per pair) 

Fresh Dry Fresh Dry | Fresh Dry 

Gee Mocet| 2 1x -\% a \% 41% a \% = |% 
of 29| 22 | 24) 2/29! -2 | 24 2 | 28/7 23 
2S /S$6&)/ Ss | g8&| 28 | $8|/ 28 | s8&| 28 | $E| S85 sé 
Bs (58/85 /58| 38 | 58| Fs | 58) Fs | 52) Fs | 58 

Bia |B lia |& it |B lt |B ie |B Ie 

mg mg. mg. mg. mg mg. 

1-BF3 143 65 32 70) 257 87 54 89 800 125) 165 | 122 
2-BF36 176 77, 39 81; 269 86 60 90 635 96 132 94 
3-BF35 194 82) 43 88) 219 66 49 68 565, 84) 121 S4 
4-BF40 224 91, 47 91) 314 87, 70 87, 598) 86) 127 83 
5-BF41 241 94 51 94 260 67, 57 65 631) 88 137 86 
6-BF5 | 115 52) 25 56) 321 | 113 71 122; 927 143) 190 | 144 


7-BF7 264 | 106 291 79 685, 97 

8-BF18 102 | 48) 22 50, 357 | 130, 79 144 1003, 162 196 | 151 
9-BF33 114 50 25 52) 437 | 140 96 143 861 131, 168 | 120 
10-BF34 175 73 «38 76; 406 | 119 91 | 121 814 119 163 | 110 
11-BF37 | 232, 85 49 88, 346 79 74 74, 678 89 144) 86 
12-BF38 | 245 94 52 96; 332 | 83) 73 81, 626 86 133 | 83 
13-BF39 | 277 | 102 57 | 102) 418 | 95 91 91, 687 90 147) 88 





were markedly decreased owing to their poor nutritional state. 
It has frequently been observed in these experiments that a large 
fatty liver could be diminished in size and fat content either by 
supplying adequate amounts of choline or by further decreasing 
the choline intake so that hemorrhagic degeneration occurred. Maxi- 
mum fatty livers were produced on diets which contained enough 
choline to present the renal pathology. 

Choline-Like Action of Methionine—The protective action of 
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both choline and methionine was illustrated by the results on 
Groups 12, 13, and 14 in Table V. Group 12 was fed a toxic 
basal diet. The marked hemorrhagic enlargement of the kidneys 


TABLE V 
Relation of Dietary Protein and of Methionine to Deposition of Liver Fat, to 
Occurrence of Hemorrhagic Degeneration, and to Weight of Kidneys in 40 
Gm. Male Rats during 10 Day Experimental Period on Low Choline 
Diet. (Average Values per Group of Ten Rats) 





| Kidneys | 






































Dietary protein | Liver | Liver fat | (per pair) i 
| 2 3 § la|¥ 
» & | = E 

Googe Bo. ; | | 2\ a 5 | 2 
| Pac ee eae eae 

fa lelaislai3|'la|blssialtik 

& 5 a | = R & 23 ‘ 5 « 8 

elelai2\éli ele 2/2 |e) ele 
ed os tf FS oe yp oo eee ee ee a. “x 5 —_— 7 

pA ne pad ent gm. | gm. | | mg. | | mg. | | 

1-BK1 5| 0} O|} 5] 42 (2.15) 118) 486/22.6) 6.7 7| 450) 7; 0 
2-BF1 5 0 5 0| 44 |2.63) 139) 743 28. 2 9.8 460) 86 0 
3-BB 5| 2| 2 | 1| 44 2.38 125, 644/27.0 8.5] 498 93) 0 
4-BT1 5 5; 0; O| 43 (2.77! 149) 798/28. 8 10.7| 509| 97) 10 
5-BF2 10; 0} 10 0; 55 3.71 156, 1240 33. 4) 13.0) 583 90) 10 
6-BC 10| 4) 4| 2) 57 /3.78) 154 1059/28.0| 10.7| 685| 103} 40 
7-BK2 15 0 0/15) 63 /4.33) 159/1345 31.1 12.3) 749 105 0 
8-BF3 15 0/15) 0} & 3.71 159 1080/29. 1 ll. 6) 800; 125; 60 
9-BT3 15 | 15 0| 0] 50 3.76) 174 1131/30. 1| 13. 1) 988 165) 100 
10-BX 15 4 8 3 54 3.71 159) 89424.1 9. 6 1152 180; 90 
11-BH 15 6 6/ 3) 8&8 4.13) 180 949 22. 9 10. 31213, 193, 100 
12-BF12 15 5 | 10 0 | 58 |4.76) 190 1422 29. 9 14.2) 997) 148, 70 
13-BF9* | 15) 5|10| 0| 70 3.25 108, 262, 8.1) 2.2 749 107} 0 
14-BF24t | 15 5 | 10 0 | 68 3.28, 112) 324) 9. 9) 2.8) 695) % 0 





The basal diet consisted of protein as indicated above, lard 35, salt 
mixture (Hawk and Oser) 4, calcium carbonate 1, agar 2, cod liver oil 5, 
whole dried yeast 6, and sucrose to 100. 

* 10 mg. of di-methionine added per gm. of food. 

+ 1 mg. of choline chloride added per gm. of food. 


and the fatty liver were prevented if this basal diet was supple- 
mented with either 10 mg. of dl-methionine per gm. of food (Group 
13) or 1 mg. of choline chloride per gm. of food (Group 14). This 
same experiment was repeated with groups of seven rats. All of 
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the rats on the basal diet showed severe renal lesions, whereas 
the rats receiving the basal diet plus either methionine or choline 
were completely protected. It remains to be determined whether 
methionine may completely replace choline or whether it spares 
choline by decreasing the amount which is required, for instance, 
in preventing the injurious effect of cystine. 

Relation of Dietary Protein to Choline Deficiency—In view of 
the opposing effects of cystine and methionine it was evident that 
the occurrence and severity of hemorrhagic degeneration on low 
choline diets would vary with the cystine and methionine content 
of the dietary protein. Table V shows some of the results which 
have been obtained when various mixtures of fibrin, casein, and 
dried egg albumin were used. The occurrence of hemorrhagic 
degeneration in some of these groups was of unusual interest, 
because these experiments were the first in which the new de- 
ficiency was observed on diets containing yeast. The results 
showed that, even though yeast supplied some choline, the de- 
ficiency appeared if the dietary protein was adequate for good 
growth and particularly if the protein mixture contained fibrin. 
Channon et al. (11) have reported that fibrin is less lipotropic 
than casein. With the exception of one rat in Group 4, renal 
lesions did not occur if the protein was fed at a 5 per cent level. 
All other combinations produced the deficiency, although only 
a few of the rats fed protein at a 10 per cent level were affected. 
There was no indication in these experiments that the effects of 
choline deficiency were due to inferior dietary protein. On the 
contrary the results emphasized the fact that the renal lesions 
were produced more readily if the dietary protein was adequate 
in amount and in composition for good growth. 

The ratio of methionine to cystine in the dietary protein was 
not the only factor determining the incidence of hemorrhagic 
degeneration in these rats, although the results did suggest that 
proteins, high in methionine and low in cystine, were protective. 
The same protein mixture was fed at 5, 10, and 15 per cent levels 
to Groups 3, 6, and 11 (Table V) respectively. Renal lesions 
were absent in Group 3, moderate in Group 6, and very severe 
in Group 11. This variation in the effect of a protein fed at 
different levels was demonstrated by the results recorded in 
Table VI, which shows the effect of feeding casein at 5, 10, 15, 
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25, 35, 40, 45, and 47 per cent levels. The protein content of 
these diets was increased at the expense of the sucrose, so that no 
added carbohydrate was present in the ration fed Group 8. The 


TaBLe VI 
Effect of High Casein Levels in Prevention of Deposition of Liver Fat and of 
Hemorrhagic Degeneration in 40 Gm. Male Rats during 10 

Day Experimental Period on Low Choline Diet 


Dietary $ Liver Liver fat = FE 
2 et . | = 
vy to F eels |# Elgg ee | 2 

> : 2 aE 3 
Blais |e] Bl ald S82) s)5 3, 
e/8/}/ 8 isizciai8/a/8/S8is 14! 8 
P18) E1528) 3151/8) 5 83/2) 5 | 2 
oO |@ oO |24 | & Elia |e] a le Sia | a 

| dont leona | cont om. gm mg. mg. 
1-BF1 5 42 |0 | 20) 44 |2.63 139) 74328.2) 9.8 460 86) 0 
2-BF2 10 37 (0 | 20| 55 (3.71) 156 1240'33.4/13.0) 583) 90, 15 
3-BF3 15 32 |0 | 40. 54 3.71) 159108029.111.6 800 125 60 
4-BF10 25 22 0  30| 66 /4.21 148) 952,22.6| 8.3, 873, 118) 80 
5-BF15 35 12 0 10 | 71 |3.60 118) 513/14.3) 4.2) 802) 103) 10 
6-BF16 40 7 0 19 | 73 |3.54| 112) 318! 9.0) 2.5) 781 98) 0 
7-BF17 |45 |2 |0 10 71 3.67) 120 294 8.0) 2.4) 780 100) 0 
8-BF13 47 |0 |0 | 20| 71 3.54 115 290) 8.2 2.4 781 100 0 
9-BF23* 47 115 0 | 20/ 70 3.38) 112) 191) 5.7) 1.6 823 107) 0 
10-BF30 (25 21.5 0.5 20 53 |3.88| 170) 957'24.6110.4 964) 155 80 
11-BF32 |40 | 6 | 1.0) 20/ 70 (3.12) 103) 211) 6.8| 1.7 777 101) 0 
12-BF31 |46 15 | 1.0 | 20 71 (2.75) 90 131) 4.8) 1.1) 792) 102 0 
13-BF19 146.5 0 | 0.5) 10) 66 (3.10 109 236 7.6 2.1 753 102 0 
14-BF27 45 |0 | 2.0/ 10 67 3.28 114 204 6.2 1.8 834 112) 0 


The basal diet consisted of casein as indicated, sucrose as indicated, 
lard 35, cod liver oil 5, salt mixture (Hawk and Oser) 4, calcium carbonate 
1, agar 2, and powdered yeast 6. 

* 20 per cent of lard in basal diet. 


maximum effects of choline deficiency were found if the casein 
level was 15 or 25 per cent (Groups 3 and 4). 

Diets containing 40 per cent or more of casein were completely 
protective even if 2 per cent of cystine was added. The addition 
of 0.5 per cent of cystine greatly increased the toxicity of casein 
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fed at the 25 per cent level (Group 10). This protective action 
of the high casein diet was not due to the absence of carbohydrate, 
because the inclusion of 15 per cent of carbohydrate at the expense 
of fat did not alter the results (Group 9). These experiments 
in which the toxicity increased as the casein levels increased to 
25 per cent and then decreased as the casein values were further 
increased demonstrated in a striking fashion that other factors 
than the methionine-cystine ratio of the dietary protein deter- 
mined the requirement for choline. 


DISCUSSION 


The characteristic signs of hemorrhagic degeneration—enlarged 
hemorrhagic kidneys, enlarged spleen, shrunken thymus, and 
fatty liver—were all intensified by the addition of cystine and 
were prevented by the addition of methionine to the ration. It 
was concluded, therefore, that cystine and methionine in proteins 
are concerned with this new dietary deficiency and that the 
amounts of these two amino acids, in part, determine the re- 
quirement of the young rat for choline. Other factors such as 
dietary fat and cholesterol which also affect the requirement for 
choline will be discussed in Paper III of this series. 

The demonstration that the injurious effect of cystine in a low 
choline ration is prevented by relatively small amounts of choline 
may be of importance in the explanation of the many reports in 
the literature of the damaging action of cystine and of various 
proteins on the kidneys. Lewis (12) for instance noted a severe 
nephritis in rabbits following the administration of cystine. 
Curtis and Newburgh (13) made similar observations on rats. 
Hartwell (14) found that rations containing edestin produced 
renal injuries. Certain of these investigationsare being repeated 
in order to determine the possible réle of choline under experi- 
mental conditions different from those reported in this paper. 

The protection against hemorrhagic degeneration observed in 
these experiments on diets containing 40 per cent or more of casein 
was not due to small amounts of choline in the casein, because 15 
and 25 per cent levels were more toxic than 5 and 10 per cent 
levels. Best and Channon (15) reported that an increase in the 
casein level above 5 per cent decreased the fatty liver effect in 
older rats. The protection on the high casein diet, especially the 
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protection in the presence of added cystine, gave further support 
to the conclusion that the choline requirement was not wholly 
dependent upon the cystine-methionine ratio of the protein. It 
is possible that cystine was incompletely absorbed from the 
alimentary tract or that intestinal putrefaction produced sig- 
nificantly greater amounts of choline on the high protein diets. 
Inasmuch as 83 to 90 per cent of the total sulfur of casein is present 
as methionine (16), it may be that the excess of methionine was 
responsible for the protection regardless of the cystine intake. 
The investigation of these and associated problems involving the 
relationship of choline and the two sulfur amino acids is being 
continued. 


SUMMARY 


1. The injurious effect of cystine on the kidneys of the rat 
has been confirmed. 

2. Dietary cystine probably plays a rdéle in the production 
of hemorrhagic degeneration in young rats on low choline diets. 

3. Choline prevents hemorrhagic degeneration and the toxic 
effects of cystine. 

4. Methionine has a choline-like action and prevents the ap- 
pearance of renal lesions on a low choline diet. 

5. Choline deficiency is, in part, dependent upon the composi- 
tion and the amount of the dietary protein. 
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CHOLINE METABOLISM 
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The rdéle of choline in the prevention of hemorrhagic degeneration 
in young rats has been described in Paper I of this series (1). The 
deficiency was aggravated by dietary cystine and the toxic effects 
of cystine were alleviated by choline. Furthermore, it was 
demonstrated that methionine exhibited a choline-like action (2). 
The investigations of Best (3-6) and of Channon (6, 7) and their 
coworkers on fatty and cholesterol livers in older rats have empha- 
sized the relation between choline, fat, and cholesterol. The 
metabolism of choline has been reviewed by Best and Ridout 
(8). The present paper deals with the occurrence on low fat 
diets of this recently recognized result of choline deficiency and 
with the effect of added fat, cystine, and cholesterol. 


EXPERIMENTAL 


The experimental procedures were the same as those used in 
Papers I and II (1, 2). The thymus, spleen, kidneys, and liver 
were weighed as in the previous experiments but the weights of 
the kidneys and liver, only, are reported in this paper. Liver 
fat in Tables I to III refers to total chloroform-soluble substance 
in the liver. The composition of the diets is shown in Tables I 


to III. 


Results 


Relation of Dietary Fat to Hemorrhagic Degeneration—The re- 
sults in Table I showed that hemorrhagic degeneration could be 
produced on a low fat diet but that the deficiency was more severe 
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if the food mixture contained added fat. Furthermore, it was evi- 
dent that the toxic action of cystine and the protective influence 
of a high casein level were independent of dietary fat. Previously 
these two effects were noted on diets containing 35 per cent of 
lard and 5 per cent of cod liver oil. The basal diet, AC24 (Table 
I), contained no added fat other than the 0.1 per cent of the forti- 
fied fish liver oil, Natola.! Ether-extracted yeast was used. 


TABLE I 
Relation of Dietary Fat to Deposition of Liver Fat and to Occurrence of 
Hemorrhagic Degeneration in 40 Gm. Male Rats during 10 Day 
Experimental Period 
The basal diet, AC24, except as indicated, consisted of casein 15, salt 
mixture (Hawk and Oser (9)) 4, calcium carbonate 1, agar 2, Natola 0.1, 
ether-extracted yeast 5, and sucrose to 100. 
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1-AC24 | 20/19 | 59 | 3.67 | 603 | 658} 96, 25 | 0 | 0 | 0.0 
2-AC10 | 19|18| 57 | 3.66 | 698 | 754 113) 47 | 1 | 0 | 0.0 
3-AC13. | 20/19| 52 | 3.48 | 858 | 842 136 75 | 1 | 8 | 0.0 
a-acuie | 10/10} 62 | 2.73 | 121 | 663) 94) 0 | 1 0 | 0.0 
5-AC30 | 20/14! 60 | 4.41 | 798 | 874/127] 95 | 0) 0/05 
6-AC31¢ | 20/20} 62 | 3.08 | 118 | 802 1144 0 |0/ 0/05 
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* 0.3 per cent of choline chloride added. 
t Casein increased to 47 per cent. 


Renal lesions appeared in 25 per cent of the rats on this diet 
(Group 1), even though the dietary protein was a protective pro- 
tein with a high methionine and low cystine content. The addi- 
tion of 1 per cent of corn oil fatty acids to this low fat basal ra- 
tion caused an increase in the renal damage, as shown by the 
weight of the kidneys and the greater incidence of renal hemor- 
rhage (Group 2). These effects were more pronounced if 8 per 


1 We wish to thank Parke, Davis and Company for the generous supply 
of Natola used in these experiments. 
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cent of lard was added to the diet in addition to the supplement of 
corn oil fatty acids (Group 3). The low fat ration was made very 
toxic by the addition of 0.5 per cent of cystine (Group 5). This 
result demonstrated that the mechanism producing renal injury 
due to cystine was not dependent upon the presence of dietary 


TABLE II 
Relation of Dietary Fat, Cholesterol, and Cystine to Deposition of Liver Fat 
and Occurrence of Hemorrhagic Degeneration in 40 Gm. Male 
Rats during 10 Day Experimental Period 
Basal Diet AC17 consisted of casein 15, salt mixture (Hawk and Oser) 
4, calcium carbonate 1, agar 2, powdered yeast 6, Natola 0.1, corn oil 
fatty acids 1, and sucrose to 100. Basal Diet BF3 was the same except 
that cod liver oil 5 and lard 35 replaced the Natola and corn oil fatty acids. 




















| Nee | _ | | dberale) | pe cone} Dinter 

Group No, | body | ae oo |" ott “> . nae 
anddiet | » weight, | average average) sf | Ze renal | |g = 
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ATE int hk ee ee A 
| gm. | gm. | mg. | mo. | cont | cont cent 
1-AC23* | 30 | 30} 63 | 3.59 | 483 | 741| 104 20 | 0/| 0.0 0 
2-ACI7 | 30/28) 62 | 3.88 | 868| 720] 102) 30 | 0/0.0 0 
3-AC29* | 20 20| 62 | 3.78 | 881 | 694) 98 2 | 1/0.0 0 
4-AC14 | 30/30) 56 | 3.91 | 888 | 838 127) 60 | 8| 0.0) 0 
5-AC20 | 33/28) 61 | 4.34 | 805 | 947, 136 80 | 0/ 0.3 0 
6-AC26 | 30 | 22| 55 | 3.63 | 925 | 854| 131) 85 | 8 | 0.3| 0 
7-AC15 | 30|26| 57 | 3.64 | 715 | 763/114) 55 | 0| 0.0) 1 
8-AC25 | 30|20| 55 | 3.76 | 1118 | 822| 126, 85 | 8/0.0\ 1 
9-BF3 | 40| 37| 54 | 3.71 | 1080 | 800 125 60 | 35/ 0.0 0 
10-BF11 | 30/17! 50 | 3.69 | 994 | 898 150) 85 | 35| 0.0) 1 
11-BF2it|10/10| 56 | 2.70 | 267 | 563] 85, 0 | 35/00 1 























* Corn oil fatty acids omitted. 
7 0.1 per cent choline chloride added. 


fat. In Paper II (2) it was observed that a high fat diet contain- 
ing cystine and 40 per cent, or more, of casein was protective 
against both the fatty liver and the renal damage. This was also 
found to be true for the high casein and low fat diet (Group 6). 
The livers of all of the rats on these low choline diets were fatty. 
Choline was effective in preventing the deposition of liver fat 
and the renal pathology (Group 4). 
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The effect of the addition of cystine, with and without added 
fat, was demonstrated by the results shown in Table II. The 
basal diet, AC17, contained 1 per cent of corn oil fatty acids and 
6 per cent of whole dried yeast in place of the 5 per cent of ether- 
extracted yeast used in Diet AC24 (Table I). On this diet the 
results with Groups 1, 2, and 3 (Table II) showed that the pres- 
ence or absence of 1 per cent of corn oil fatty acids or of 1 per cent 
of lard had little effect upon the occurrence of hemorrhagic de- 


TaBie III 
Relation of Length of Experimental Period to Deposition of Liver Fat and to 
Occurrence of Hemorrhagic Degeneration in 40 Gm. Male Rats 
on Low Choline Diet 
The basal diet, AC20, consisted of casein 15, cystine 0.3, sucrose 70.6, 
corn oil fatty acids 1, salt mixture (Hawk and Oser) 4, calcium carbonate 1, 
agar 2, Natola 0.1, and whole dried yeast 6. 


Kidneys 





No. of rats Liver fat / 
Final ’ (per pair) Per cent 
Experi- | | bedy Liver : | ee 
mental | | wetaut, | oem, | |Rationt| | me | say 
pened | BR Final oa bt aaa bes  s lesions 
| normal | normal 
days | gm. | gm, mg. | mg. 
tht aa. } 41 2.25 196 2.8 | 492 99 0 
4 | 10 10 | 51 3.30 728 8.8 | 591 97 0 
6 10 | 10 55 4.03 1002 10.6 732 112 80 
8 10 | 8 61 4.34 1091 10.3 981 141 80 
10 23 | 20 | 61 4.34 690 6.5 937 134 80 








generation. However, if the lard supplement was increased to 
8 per cent (Group 4), the renal damage was as severe as that on 
the diet containing 35 per cent of lard (Group 9). The addition 
of 0.3 per cent of cystine to the basal low fat ration likewise in- 
creased the severity of the renal damage (Group 5) but the in- 
creased toxicity due to lard and cystine together didnot appear to 
be additive (Group 6). 

Table III shows the rapid onset of the effects of choline defi- 
ciency on a low fat ration containing 0.3 per cent of added cystine 
(Diet AC20). The deposition of liver fat was evident on the 2nd 
day and nearly maximal on the 4th day. Renal degeneration 
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was severe on the 6th day. The appearance of these signs may 
be further hastened by the addition of 8 per cent of lard to the 
diet (unpublished experiments). 

Relation of Cholesterol to Hemorrhagic Degeneration—Table II 
also shows the effect of supplementing the low fat ration, Diet 
AC17, with cholesterol and with cholesterol and lard. Compari- 
son of Groups 2 and 7 shows that a supplement of 1 per cent of 
cholesterol increased the damaging effect of the deficiency of 
choline on a low fat ration. If both cholesterol and lard were 
added to the diet, the renal injury was greater than that due to 
either supplement alone (Groups 4, 7, and 8). One-third of the 
rats in Group 8 died before the end of the 10 day period. It is 
possible that the more marked effect of cholesterol and lard to- 
gether was due to the increased absorption of the cholesterol on 
the diet containing added fat. The effect of cholesterol in in- 
creasing the signs of choline deficiency was also evident in rats 
fed the high fat ration, Diet BF3 (Table II). The addition of 1 
per cent of cholesterol resulted in a very marked hemorrhagic 
enlargement of the kidneys (Group 10). Only seventeen out of 
thirty rats survived on this diet. The toxic effect of cholesterol 
was prevented by choline (Group 11). 


DISCUSSION 


Supplements of cystine, fat, or cholesterol increased the sever- 
ity of the hemorrhagic degeneration occurring in young rats on a 
low choline, low fat, and low cholesterol diet. These toxic ef- 
fects were prevented by choline. The results reported in this 
and in previous papers (1, 2) suggest that hemorrhagic degenera- 
tion in young rats is a manifestation of the same deficiency which 
results in fatty and cholesterol livers in older rats on a low choline 
diet. However, the effect of choline deficiency in the young rat 
is not limited to a relatively non-injurious deposition of liver 
lipids. The kidney, particularly, undergoes an extremely rapid 
and acute hemorrhagic degeneration which may result in the death 
of the animal within a 10 day period. It has not yet been deter- 
mined whether this new aspect of choline deficiency is another 
phase of abnormal lipid metabolism or whether a new rdéle of 
choline in the animal body is involved. The discussion of the 
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significance of our findings must await completion of studies in 
progress on the chemical changes occurring in the tissues and body 
fluids of these rats. 


SUMMARY 


Hemorrhagic degeneration, which occurs in young rats on a low 
fat, low choline diet containing 15 per cent of casein, is increased 
in severity by the addition of cystine, lard, or cholesterol. The 
renal lesions appear in 6 days on diets containing added cystine. 
The toxic effect of these supplements is prevented by choline. 
Hemorrhagic degeneration does not occur on a low fat diet con- 
taining 47 per cent of casein and 0.5 per cent of cystine. 
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The specific purposes of the present study were (1) to determine 
the water content and electrolyte concentrations of normal dog 
kidneys and to utilize these data for a comparison of the right and 
left kidneys, and of the medulla and cortex, in normal animals; 
and (2) to determine the effect of deranged kidney function 
and structure on the water and electrolyte content of kidney. 

The renal mass is divided into two equal parts, a right and a 
left kidney. That the weights of the kidneys of an animal are 
approximately equal has been established. Would the water 
content and electrolyte concentrations also be the same? What 
would be the relative distribution in the medulla and cortex? 
After values for normal animals were established, would a study 
of the electrolyte and water content of hydronephrotic kidneys 
show any relation between the chemical composition of the kidney 
and the structural and functional changes? 

Physiological Procedures—This study includes analytical data 
on kidneys from the following groups: (1) the whole kidneys from 
twenty normal controls; (2) five normal controls, in each of which 
one whole kidney was analyzed and the other roughly dissected 
into medulla and cortex, which were analyzed separately; (3) 
fifteen hydronephrotic dogs, each having a single hydronephrotic 
kidney. 

The normal dogs used in these experiments had been maintained 
under observation in metabolism cages for at least 3 weeks and 
were in excellent physical condition. The dogs with experimental 
hydronephrosis were also maintained in metabolism cages through- 
out the long experimental period (3 to 6 months). 
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All nephrectomies were performed under ether anesthesia. The 
kidney was brought outside of the split muscle layers, through an 
incision below and parallel to the left costal margin, and most 
of the fat was dissected from it. A clamp was applied to the 
pedicle and the organ was removed instantly. The kidney was at 
once split into halves, wiped with sterile absorbent gauze to 
remove all adherent blood and urine, and placed in a glass-stop- 
pered weighing bottle. Just before the kidneys were weighed the 
capsule was removed from each half, and the tissue was wiped 
again and returned to the weighing bottle. The kidneys were 
weighed into silica beakers for water and fat analyses. Every 
kidney was treated identically. 

When the medulla and cortex were to be analyzed separately, 
the halved kidney was placed on a tile and the medulla roughly 
dissected from the cortex. An exact dissection could not be made. 
The separated zones were placed in glass-stoppered weighing 
bottles and each treated as in the whole kidney analyses. 

The damaged kidneys were obtained from dogs in progressive 
hydronephrosis, some of which were in uremia. Detailed methods 
for the production and diagnosis of hydronephrosis were presented 
in a previous paper (1). In this procedure, production of the 
hydronephrosis in one kidney is followed by removal of the normal 
kidney, so that the animal has a single damaged kidney with which 
to carry on all renal excretion. 

Chemical Methods—The following determinations were carried 
out: water, neutral fat, chloride, sodium, potassium, calcium, and 
magnesium. All values were calculated for tissue on a fat-free 
basis. Unfortunately the amount of circulating blood in the 
kidneys analyzed could not be determined because samples of the 
wet tissue could not be sacrificed. 

Water—Halves or quarters of decapsulated kidney (depending 
on the mass of the kidney) were placed in weighed silica beakers 
and their weights obtained by difference. The tissue was then 
minced with scissors, the scissors points rinsed with water, and the 
beakers placed in an oven at 103° until constant weight was 
attained (usually 72 hours were required). The sum of the weights 
of the dry tissue was subtracted from the sum of the weights of 
the wet tissue to give the water content of the whole kidney. 

Neutral Fat—The dried tissue prepared for the water determina- 
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tions was covered with ethyl ether, and the beakers containing the 
material were placed in an empty glass desiccator with a ground 
glass cover. They were allowed to stand for about 3 hours, after 
which the ether was drawn off by a fine tipped pipette. This 
process was repeated. The kidney residue was then covered with 
petroleum ether (b.p. 40-60°) and the beakers were allowed to 
stand in the desiccator overnight. This extraction with petroleum 
ether was repeated until constant weight was reached. The sum 
of the weights was used to calculate the total weight of fat ex- 
tracted and the percentage of fat in the whole kidney. 

Preparation of Tissue for Electrolyte Determination—Unfortu- 
nately, the technique used to prepare skeletal muscle for chemical 
analyses could not be employed. When the lack of homogeneity 
of the kidney tissue, owing to structural differentiation into 
medulla and cortex, was considered, it was surmised that analytical 
results would deviate widely if random samples of minced tissue 
were used for the determinations. Experimentation proved this 
to be true. It was therefore necessary to work out a new tech- 
nique for the treatment of kidney tissue. 

Following the determinations of water and fat content, all of 
the portions of dry fat-free tissue from one kidney were trans- 
ferred quantitatively to a special apparatus (2) and pulverized. 
The powdered tissue was swept with a brush (1 X 14 inches) 
into a large weighing bottle through a No. 20 copper sieve. Any 
particles remaining in the sieve were ground in an agate mortar 
until they could be sifted through. This method assured a 
homogeneous mixture of the kidney tissue. The weighing bottle 
containing the powdered tissue was kept in a desiccator over 
sulfuric acid, and aliquot samples of the powder were weighed for 
all analyses. 

Chloride—Chlorides were determined by the wet ashing method 
of Van Slyke (3), and modified as follows: Approximately 150 
mg. of the powdered tissue were weighed on a small filter paper 
(4.25 em.) which was then folded and dropped into a 20 X 2.5 em. 
digestion tube containing 5 cc. of water and 1 ce. of 0.075 N 
AgNO;. The mixture was allowed to stand overnight; 3 cc. of 
concentrated nitric acid were then added and the material was 
digested. The results obtained by this method (4) agreed with 
those obtained by the Sunderman-Williams method (5). The 
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variable results which have been reported on the use of the wet 
ashing method for tissues with a high chloride content must be 
attributed to the errors unavoidable in random sampling. The 
concentrations of chloride differ so much in the medulla and the 
cortex of kidney that random sampling of wet tissue produces 
large errors. 

Sodium and Potasstum—For the determination of sodium and 
potassium, about 1.5 gm. of the kidney powder were weighed into 
a platinum dish and 5 cc. of 4 N H,SO, then added. The dish 
was heated in an oven at 110° overnight and then ignited in a 
muffle furnace at 500°. Analyses were then carried out by the 
Butler-Tuthill method for sodium and by the Shohl-Bennett 
method for potassium, as described in detail in a previous 
paper (6). 

Calcium and Magnesium—Approximately 2.0 gm. of the 
powdered tissue were weighed into a platinum dish and ignited at 
550°. The residue was then dissolved in warm dilute HCl and 
transferred to a 10 cc. volumetric flask. The determinations were 
carried out on this solution. 

For calcium determinations 3 cc. aliquots were used. The pH 
was carefully adjusted to between 4.2 and 4.4, with dilute am- 
monia, 1 drop of brom-cresol green being used as indicator. The 
calcium was then precipitated as calcium oxalate. After centrif- 
ugation, the precipitate was washed and dissolved in sulfuric 
acid for titration with potassium permanganate. 

Magnesium was determined on 3 cc. aliquots by the method of 
Denis (7), with the following modifications. 3 cc. were placed in 
a 10 cc. volumetric flask and the pH adjusted to 4.2 to 4.4 as 
before. 1 cc. of saturated ammonium oxalate was added and the 
solution made up to volume and placed in the ice box overnight. 
The calcium oxalate was then centrifuged out, and the centrifugate 
used for magnesium determination. 4 cc. of the centrifugate 
were placed in a 15 cc. conical tube having a long slender point, 
and 1 cc. of 5 per cent ammonium acid phosphate and 1 cc. of 
dilute ammonia were added. The tube was allowed to stand in 
the ice box overnight and the magnesium ammonium phosphate 
was then collected by centrifugation and washed. The amount 
of magnesium was estimated from the colorimetric determination 
of phosphate by the method of Fiske and Subbarow (8). 
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Results 


Normal Kidneys. Values for Whole Kidneys—The detailed 
results of the analysis of ten representative normal, whole kidneys 


TABLE | 
Water and Electrolyte Content of Normal Kidneys 


The values are given per kilo of fat-free tissue. | 
— H 
Dog No. | H:0 Fat | K | Na Cl Ca Mg 
; om. | gm | mw | mu | mu a | 
505 795.5 31.1 60.6 89.1 77.8 2.19 6.20 
508 796.9 27.1 64.6 79.6 65.7 2.30 5.80 
511 803 .0 15.6 62.8 | 78.8 68.8 2.01 6.10 
514 792.3 | 26.1 60.8 | 84.1 70.9 1.93 5.82 
G 801.2 | 17.9 | 59.3 79.9 65.2 2.01 6.10 
R g09.4 | 28.0 | 57.1 | 83.8 | 65.7 | 1.96 | 5.30 
1D 805.3 15.6 59.1 | 80.9 64.0 2.07 5.48 
H 807.6 | 18.5 | 54.1 | 88.0 | 67.6 | 2.03 | 5.91 
512 802.9 15.8 48.2 | 89.1 67.7 2.95 | 4.70 
C 809 .3 12.3 55.7 85.5 | 66.5 3.40 5.83 
20 normal kidneys 
Mean. . 802.2 19.7 58.3 82.6 67.7 2.16 5.7 
my... 5.6 9.0 4.8 5.8 5.3 | 0.538 | 0.5 | 
Muscle from 20 normal dogst 
Mean.... 765.0 82.1 | 32.4 | 21.5 
aa 6.4 | 10.0 | 48 | 2.8 
Serum from 20 normal dogst 
Mean.......| 922.0 3.72 | 142.0 | 109.0 


Th eseses 6.0 0.4 4.1 1.7 





* Standard deviation. 
t See (12). 





are given in Table I, together with the mean values, with standard 
deviations, for twenty normal kidneys. 

It will be observed that the mean values for water and electro- 
lyte contents were strikingly constant. The greatest deviation 
was found in the values for sodium and chloride. The percentage | 
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of neutral fat was consistently low. The calcium values (2.16 mm 
per kilo) were similar to those found (9-11) for other mammalian 
kidneys. The magnesium content amounted to 5.7 mm per kilo, 
with a deviation of only 0.5 mm. 

Values for Medulla and Cortex, and for Right and Left Kidneys— 
Data for two representative experiments carried out on whole left 


TABLE II 


Water and Electrolyte Content of Normal Right and Left Kidneys and of 
Roughly Dissected Medulla and Cortex 


The values are given per kilo of fat-free tissue. 


Right kidney 


Whole left 
kidney Whole kid- 
ney (cal- Medulla Cortex 
culated) 
Dog 505 
Total weight, gm 62.45 65.89 21.82 44.08 
Water, gm .-| 795 799 823 788 
Fat, gm 31.1 30.9 42.3 25.4 
Potassium, mM............... 60.6 60.3 49.1 65.7 
Sodium, ma 89.1 88.4 124.9 70.7 
Chloride, ma 77.8 77.4 117.1 58.0 
Calcium, “ 2.19 2.22 | 2.87 2.05 
Dog 501 
Total weight, gm... 58.26 58.04 17.63 40.41 
Water, gm.. 803 800 825 790 
Fat, gm...... 48 36 96 9.2 
I Pe 59.4 60.6 49.6 65.0 
Sodium, mu 90.6 92.3 124.8 79.4 
Chloride, ma 81.1 82.3 112.9 70.1 
of 3.20 3.33 3.43 3.50 


Calcium, 


kidneys and roughly dissected medulla and cortex from the 
opposite kidneys are presented in Table II. Water and electro- 
lyte concentrations in the right and left kidneys of the same 
animal were approximately the same. Comparison of the medulla 


and cortex showed greater water, fat, sodium, and chloride values 
for the medulla than for the cortex; calcium concentrations were 
approximately the same; and the potassium concentrations were 
usually larger in the cortex than in the medulla. 
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Hydronephrotic Kidneys. Comparison of Hydronephrotic and 
Normal Values—The results obtained from the analysis of ten 
hydronephrotic kidneys are presented in detail in Table III, along 
with the means, with standard deviations, for fifteen kidneys. 
The variation in the concentrations of the constituents of these 
kidneys parallels the variation found in the degree of kidney 
damage in the hydronephrotic animals. In all cases approxi- 
mately 50 per cent of the tissue of the single hydronephrotic 


TABLE III 
Water and Electrolyte Content of Hydronephrotic Kidneys 
The values are given per kilo of fat-free tissue. 


Dog No. H:0 Fat | K Na cl | Ca Mg 
gm. gm. | mM mM mM mM mM 
68 836.8 8.50 59.9 85.9 58.3 5.47 5.44 

To 841.5 2.0 49.4 65.3 42.2 2.78 
Do 823.9 2.0 53.4 76.6 55.1 | 2.59 5.44 
Sp 819.2 9.0 60.7 65.1 57.8 3.14 6.90 
R 837.4 6.8 62.2 | 76.3 61.6 2.55 5.24 
Sn 817.8 12.5 54.0 77.3 56.3 4.93 6.05 
W 832.5 1.3 59.0 75.6 52.4 3.82 5.30 
J 831.6 0.6 59.5 87.8 41.2 4.08 5.78 
Sc 844.7 13.8 45.4 88.6 | 52.3 2.03 5.70 
ey 832.2 iF 58.4 82.4 | 61.6 5.32 4.51 

15 hydronephrotic kidneys 

Mean... 830.1 | 5.13] 56.4 | 77.3 | 53.0 | 3.56 -| 5.68 
.. 11.3 4.5 4.8 9.3 | 7.0 1.16 | 0.62 


* Standard deviation. 


kidney had been destroyed; but there was considerable variation 
in the relative amounts of medullary and cortical destruction and 
in the degree of hypertrophy in the residual tissue. In some 
cases there was some infection present; in others there was no 
gross or microscopic evidence of any infectious process. 


DISCUSSION 


In a previous paper Hastings and Eichelberger (12) presented 
analytical studies of skeletal muscle similar in scope to those 
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presented here for kidney. Assuming that the intracellular phase 
of skeletal muscle contains no chloride, it was possible to calculate 
the relative proportions of the intra- and extracellular phases of 
this comparatively simple system from the composition of the 
muscle and of the serum from the same animal. 

It is obvious that, with even the same analytical data, it is not 
possible to make the same assumptions or calculations for kidneys. 
Not only is the system much more complex, with variations in 
structure and function within the kidney itself, but there is also 
the definite fact that certain cells of the kidney, engaged in the 
reabsorption of chloride from the glomerular filtrate, must contain 
chloride and sodium as well. Furthermore, the existence in the 
lumen of the nephron of an additional fluid phase, varying in 
composition as it passes down the renal tubules but attaining at 
times a concentration in sodium and chloride considerably higher 
than that of the plasma or intercellular or intracellular phases of 
the kidney, introduces additional complications. In spite of 
these uncertainties which make impracticable the quantitative 
interpretation of the data in the same manner as for skeletal 
muscle, it is possible to attain some tentative conclusions both 
for the normal kidney and for the kidney as altered by chronic 
hydronephrosis. 

Normal Kidneys—Table I shows that the kidneys of normal 
dogs, as compared with skeletal muscle, are high in water, sodium, 
and chloride, and low in potassium. This suggests that the intra- 
cellular phase of the kidneys, as represented by the figures for 
potassium, is relatively low in amount. The values for sodium 
and chloride, however, are too high to be accounted for by the 
extra water, assuming that this water is extracellular and contains 
the concentration of sodium and chloride expected in intercellular 
fluids. The interpretation of the data is aided by reference to 
Table II, from which it will be seen that the differences from muscle 
are still further accentuated in the renal medulla but still exist 
in the cortex. 

The concentration of chloride in the medulla is higher than the 
average for the plasma for normal dogs. Consequently, it must 
be assumed that part of the chloride is either in cells, or as appears 
more likely for the medulla, is in relatively high concentration in 
the contents of the collecting tubules and possibly also in the 
loops of Henle. The low concentration of potassium in the 
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medulla, together with the high water content, indicates the 
probability of a high proportion of extracellular fluids, a part of 
which apparently must be in the tubules. 

Separation of the kidney into cortex and medulla brings the 
analytical data for the cortex closer to those of skeletal muscle, 
but the deviation in water, sodium, chloride, and potassium 
content still persists. In this case also it is doubtful whether this 


TaBLe IV 
Comparison of Data for Normal and Hydronephrotic Animals 


Mean indicates the arithmetical mean of the experimental values; ¢, 
standard deviation; D, the difference between the means for hydronephrotic 
and normal kidneys; ed, the standard deviation of the difference; and P, 
the probability that the differences found are due to random sampling. 

The values are given per kilo of fat-free tissue. 

















| Mean | o | D|a@i| P 
| gm. | gm. | gm gm. | per cent 
Water | Normal 802.2 5.6 | 
| Hydronephrotic | 830.1 | 11.3 | 27.9 | 12.6 2.8 
| me mM mM mM 
Chloride Normal | 67.7 5.3 
| Hydronephrotic | 53.0 7.0 | 14.7 | 8.8 | 9 
Sodium | Normal | 82.6 | 5.8 | 
| Hydronephrotic | 77.3 | 9.3 | 5.3 | 11.0 | 63 
Potassium Normal 58.3 4.0 
Hydronephrotic | 56.4 4.8 1.9 6.3 74 
Calcium Normal 2.16 0.53 
Hydronephrotic | 3.56 | 1.16) 1.40| 1.27) 27 
Magnesium Normal 5.70 | 0.50 
Hydronephrotic | 5.68 | 0.62| 0.02| 0.8 | 99 





deviation can be wholly accounted for by an increase in the 
intercellular fluid, and it is therefore necessary to assume that the 
analytical data either reflect fluid contained in the renal tubules 
and containing a relatively high concentration of sodium and 
chloride, or that the cells of the convoluted tubules, engaged in 
the reabsorption of chloride, add to the sodium and chloride 
concentrations; or that both of these are possibilities. In view 
of the increased complexity of the system, and of the increased 
number of variables, it is surprising that the data for whole 
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kidneys exhibit the degree of consistency portrayed in Tables 
I to III. 

The data further indicate the necessity of analyzing whole 
kidneys. Since the distribution of water and electrolytes differs 
so distinctly in the medulla and cortex, and since the two zones 
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Fic. 1. The water and electrolyte values for normal and hydronephrotie 
kidneys are plotted against the percentage of kidneys analyzed to show the 
distribution. The ruled columns indicate the percentage of hydronephrotic 
kidneys; the clear columns, that of normal kidneys. 


are distributed in different ratios in different portions of the 
kidney, so that an exact dissection cannot be made, it is always 
necessary to analyze the whole kidney if comparable data are to 
be obtained from different animals. 

Hydronephrotic Kidneys—The analyses of hydronephrotic 
kidneys in Table III have been compared with the values for 











le 











L. Eichelberger and W. G. Bibler 655 


normal kidneys in Table I by statistical (13) (Table IV) and 
graphic (Fig. 1) methods. It is apparent that the values for 
sodium, potassium, and magnesium have no significant differences. 
The increased water content of the hydronephrotic kidneys is 
highly significant, and agrees with the histological findings of 
dilated glomerular capsular spaces and fluid in the tubules. The 
decreased chloride content and the increased calcium concentra- 
tions are of doubtful statistical significance, but the probability 
of significant differences is somewhat increased by the distribu- 
tion of values shown in Fig. 1. 

Assuming that the difference in chloride concentrations is 
significant, this difference may be readily explained. Hydro- 
nephrotic kidneys are incapable of concentrating urine—there- 
fore the presence of a urine concentrated in chloride in the tubules 
is eliminated. The lowest chloride concentrations, 42.2 and 
41.2 mM, were found in the kidneys from Dogs To and J, respec- 
tively, whose chloride excretion was 6.7 and 6.0 mm per liter of 
urine. The increased concentration of calcium indicated in the 
hydronephrotic kidneys may be simply a reflection of the in- 
creased concentration of calcium in the serum of similar animals 
previously reported (1), or might possibly be the result of the 
presence of some infection in the kidney. 


SUMMARY 


1. Procedures are presented for water and electrolyte analyses 
on whole mammalian kidneys. 

2. Total water, fat, and electrolyte concentrations were deter- 
mined in kidneys from normal and from hydronephrotic dogs. 

For normal whole kidneys the means were as follows: total 
water, 802.2 + 5.6 gm.; chloride, 67.7 + 5.3 mM; sodium, 82.6 
+ 5.8 mM; potassium, 58.3 + 4.0 mM; calcium, 2.16 + 0.53 mM; 
and magnesium, 5.7 + 0.5 mm per kilo of fat-free tissue. 

The values for right and left kidney from the same animal were 
the same. The values for water, fat, sodium, and chloride were 
always more for the roughly dissected medulla than for the cortex. 
The significance of these increases was discussed. These data 
indicate the necessity of analyzing whole kidneys, since the 
distribution of water and electrolytes differs so distinctly in the 
medulla and cortex and since the two zones are distributed in 
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different ratios in different portions of the kidney, so that an exact 
dissection cannot be made. 

The values for hydronephrotic kidneys, when compared statis- 
tically with those for normal kidneys, indicated that there was a 
significant increase in the total water content, but no change in 
sodium, potassium, or magnesium concentrations. However, 
there was a decrease in chloride and an increase in calcium, which 
were of doubtful statistical significance. 
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THE REACTION BETWEEN IODOACETIC ACID AND 
DENATURED EGG ALBUMIN* 


By LAWRENCE ROSNER 


(From the Department of Chemistry, Northwestern University Medical 
School, Chicago) 


(Received for publication, October 23, 1939) 


The reaction between iodoacetic acid and sulfhydryl compounds 
has received much attention in recent years. Dickens (1) has 
shown that this reaction proceeds with the formation of HI and 
the substitution of a carboxymethyl group for the hydrogen of 
the thiol group. Smythe (2) has measured the rate of reaction of 
iodoacetic acid with various sulfhydryl compounds by estimation 
of the carbon dioxide change in a CO-,-bicarbonate buffer as a 
result of the HI produced. Rapkine (3) showed that iodoacetic 
acid may react not only with the sulfhydryl groups of relatively 
simple molecules, such as cysteine and glutathione, but also with 
those of proteins. It was found by Rapkine that as denatured 
egg albumin stood with increasing amounts of iodoacetic acid the 
intensity of its nitroprusside test diminished until it finally dis- 
appeared. Mirsky and Anson (4) have used this reaction in their 
method for determining available thiol groups in proteins. These 
investigators found that iodoacetic acid might react with only a 
portion or with none of the sulfhydryl groups of native proteins, 
as evidenced by the continued presence after the reaction of part 
or all of the original protein cysteine in the protein hydrolysate. 
Denaturation of the protein, however, causes all of the sulfhydryl 
groups to be capable of interaction with iodoacetic acid, there 
being, in this case, no free cysteine in the protein hydrolysate 
after the reaction. 

In the experiments of Mirsky and Anson iodoacetic acid was 
allowed to react with coagulated denatured egg albumin; these 


* This research was aided by a grant from the American Academy of 
Arts and Sciences. 
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authors state that 3 hours are required for the reaction to go to 
completion. In the present work, however, the denatured egg 
albumin was not permitted to coagulate. This was accomplished 
by adding 0.01 n KOH to a pure solution of egg albumin (pre- 
pared from the whites of fresh eggs by the method of Kekwick 
and Canaan (5)) to pH 7.3. The mixture was then placed for 
10 minutes in water which had been brought to a boil. That 
iodoacetic acid reacts with this solution of denatured egg albumin 
much more rapidly than with a coagulum will be shown later. It 
is obvious that the interaction between iodoacetic acid and pro- 
tein may be followed by measuring the iodide produced by the 
reaction. To this end a simple method for determination of 
iodides was devised. 

The experiments were carried out in the following manner, 
To 3.5 ce. of egg albumin solution containing a known amount 
of the protein were added 1.5 cc. of 1 m phosphate buffer, pH 7.3, 
and 5 cc. of approximately 0.1 N iodoacetic acid which was previ- 
ously neutralized with KOH. The reaction between the iodo- 
acetate and protein was permitted to proceed for the desired 
period of time, at the end of which 0.25 cc. of concentrated H,80, 
and 0.25 cc. of 100 per cent trichloroacetic acid (10 gm. of tri- 
chloroacetic acid dissolved in water to make 10 cc. of solution) 
were added. The mixture was filtered and 0.1 ec. of 3 per cent 
H,0; added to the filtrate. The depth of color of the iodine solu- 
tion produced was then estimated, at the point of its maximum 
development, in a photometer, and the amount of iodide read 
from a previously prepared standardization curve. A blank was 
run with each experiment, which cancelled any iodide that was 
released by the iodoacetate itself.' 

A typical experiment in which periods of reaction time from 1 
minute to 6 hours were studied is shown in Fig. 1, Curve A. It 
may be seen that there is an initial rapid production of iodide 
lasting no longer than 10 minutes, after which the reaction slackens 
and after 40 minutes proceeds at a steady, much slower pace. 


1A Sheard and Sanford photometer (Central Scientific Company) was 
used in these experiments. By this method quantities as low as 0.05 mg. of 
iodide in 10.5 ec. of solution could be estimated. In the region of 0.2 to 
0.5 mg. of iodide, where most of the determinations fell, known amounts of 
iodide could be checked within 0.007 mg. 
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The initial sharp rise in iodide is without doubt mainly a result 
of the interaction between the iodoacetate and the thiol groups of 
the protein.? The cause of the continued slower rate of iodide 
production is, however, still a matter of conjecture. The work of 
Michaelis and Schubert (6) suggests the possibility that it results 
from the action of iodoacetate on amino groups of the denatured 
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Fic. 1. The production of iodide upon reaction of iodoacetic acid with 
denatured egg albumin at pH 7.3. The iodide is expressed in terms of its 
equivalent per cent cysteine of the total weight of egg albumin. 

mol. wt. cysteine 100 


me 5x mol. wt. I (= 098) x mg. egg albumin 


Curve A, heat-denatured egg albumin which was treated with iodoacetate 
immediately following denaturation; Curve B, heat-denatured egg albu- 
min which was treated with iodoacetate after standing 4 hours following 
denaturation; Curve C, urea-denatured egg albumin which was treated 
with iodoacetate after 1 hour in urea solution; Curve D, urea-denatured egg 
albumin which was treated with iodoacetate after 20 hours in urea solution. 








= % cysteine 


egg albumin. However, cystine, tyrosine, arginine, and glutamic 
acid when subjected to the same experimental procedure yielded 
iodide at a rate much slower than would be required by this ex- 
planation. This observation, on the other hand, does not rule 
out the possibility of greater reactivity of the amino groups in the 
protein molecule under these conditions. 


* The nitroprusside test was undiscernible after a reaction period of 5 
minutes. 
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It is of interest to note that when a solution of native egg al- 
bumin was tested in the same manner as was the denatured pro- 
tein no iodide was found at the end of a 5 hour period in the pres- 
ence of iodoacetate. This indicates that not only the sulfhydryl 
but all of the groups in the denatured egg albumin which produce 
iodide with iodoacetate are non-reactive toward this substance in 
the native protein. Anson (7), however, has shown that they may 
not be inert toward all reagents. 

It may also be observed from Fig. 1, Curve A, that groups other 
than sulfhydryl produce iodide as a straight line function with 
time. If this line for non-sulfhydryl iodide be extrapolated to 
zero time, a value for the iodide which results from reaction of 
the sulfhydryl groups is obtained. Assuming all of these sulf- 
hydryl groups to be part of the cysteine moiety of the protein 
molecule, an index to the cysteine content of the protein is thus 
obtained. This treatment gives a value in heat-denatured egg 
albumin of 0.55 per cent available cysteine (average of ten deter- 
minations with a range of 0.53 to 0.57 per cent cysteine). This 
figure is in good agreement with those of Mirsky and Anson, 
0.56 to 0.61 per cent (4), Todrick and Walker, 0.63 per cent (8), 
Kuhn and Desnuelle, 0.58 per cent (9), and Greenstein, 0.50 per 
cent (10). 

The interesting observation of Greenstein (10) that denaturation 
of egg albumin by urea, guanidine, and various derivatives makes 
available a greater number of thiol groups than does heat de- 
naturation made it appear worth while to study the reaction 
between iodoacetic acid and urea-denatured egg albumin. In 
these experiments 2 cc. of egg albumin solution (containing 30 to 
90 mg. of egg albumin) were added to 2.4 gm. of urea, and the 
solution permitted to stand at 24-26° for 1 hour. (Greenstein 
has shown that the maximum number of —SH groups appears 
within half an hour.) Phosphate buffer and iodoacetate were then 
added and the determinations carried out as previously described. 
It may be noted from Fig. 1, Curve C, which shows data from a typ- 
ical experiment, that the initial rapid rise in iodide (sulfhydryl) is 
markedly greater than that given by heat-denatured egg albumin. 
Extrapolation of non-sulfhydryl iodide to zero time yields a value 
of 0.87 per cent cysteine (average of eight determinations with a 
range of 0.82 to 0.91 per cent cysteine). This figure is lower than 
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that determined by Greenstein (about 1.00 per cent) by titration 
with porphyrindin dye. It is also of interest to note that the slope 
of the rate of production of non-sulfhydryl iodide is greater than 
that found with heat-denatured egg albumin. Thus, to the char- 
acteristics of urea denaturation as compared with heat denatura- 
tion may be added the observation that it causes a greater increase 
in availability not only of sulfhydryl groups but of other iodo- 
acetate-reacting groups as well. 

That the thiol groups of a solution of denatured egg albumin 
are quite labile is shown by the data presented in Fig. 1, Curves 
Band D. It was found that if heat-denatured egg albumin was 
permitted to stand for some hours (at pH 7.3) before being treated 
with iodoacetate the cysteine content calculated from the iodide 
released was less than that usually determined. That this disap- 
pearance of sulfhydryl groups does not represent a reversal of the 
denaturation of egg albumin (which has never been demonstrated) 
is evidenced by the fact that reheating of the solution, which 
would in this case redenature the egg albumin and give the orig- 
inal value for cysteine, caused no increase whatever in the sulf- 
hydryl groups. This same phenomenon is also shown by urea- 
denatured egg albumin. On standing for 20 hours in urea the 
available sulfhydryl groups were markedly decreased. Since it is 
searcely possible that denaturation could be reversed under these 
circumstances, this disappearance of the sulfhydryl groups prob- 
ably indicates their oxidation. On the other hand, the non- 
sulfhydryl groups which yield iodide with iodoacetate are appar- 
ently not thus susceptible to destruction, since their rate of iodide 
production is not diminished after standing. 


SUMMARY 


1. The reaction between iodoacetic acid and denatured egg 
albumin was studied by measurement of the iodide produced by 
the reaction. 

2. In the course of this reaction there is an initial rapid produc- 
tion of iodide, which is believed to be caused by the sulfhydryl 
groups, followed by a slower steady yield of iodide due to some 


* Hopkins (11) showed that the nitroprusside reaction of urea-denatured 
egg albumin eventually disappears on standing but that treatment with 
reducing agents causes it to return. 
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other group or groups as yet unidentified. Extrapolation of this 
non-sulfhydryl iodide to zero time yields a value for available 
cysteine of 0.55 per cent in heat-denatured and 0.87 per cent in 
urea-denatured egg albumin. 

3. The sulfhydryl groups of the denatured egg albumin are 
labile, measurably diminishing in a few hours. 


The author wishes to acknowledge with thanks the criticism 
and suggestions of Dr. H. B. Bull as well as the help of Dr. 8. R. 
Gifford in the accomplishment of this work. 
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AN ESTERASE FROM MUSCULAR TISSUE* 


By M. B. MATLACK anp I. W. TUCKER 


(From the Food Research Division, Bureau of Agricultural Chemistry and 
Engineering, United States Department of Agriculture, Washington) 


(Received for publication, November 29, 1939) 


The fact that liver contains an enzyme which is particularly 
adapted to the splitting of lower esters has long been known. 
Falk and Noyes (1, 2) have found a similar enzyme in the leg and 
uterine muscles of the rabbit. Otherwise the presence of an 
esterase in muscle appears to have been overlooked. 

As reported in a previous paper (3), the authors found that benzyl 
butyrate is very rapidly hydrolyzed by lipase and esterase. It 
occurred to them that, since the products of hydrolysis are volatile 
with steam, the butyric acid produced could be separated and 
titrated without the interference of other substances. By this 
method they have shown the presence of a benzyl butyrate-hy- 
drolyzing enzyme in the lean meat from various animals, including 
pork, mutton, beef, and fish. The principal study, however, 
has been made on beef muscle. Beef marrow had very little 
activity toward benzyl butyrate. 

The presence of an ester-splitting enzyme in these tissues is 
definitely indicated by the behavior of benzyl butyrate. The 
better characterization of the enzyme, however, necessitated its 
separation, at least from the main bulk of the tissue. The first 
obstacle that arose was the fact that the enzyme is so firmly 
attached to the muscular protein that even autolysis does not 
liberate it, the liquid autolysate being practically inactive. 
Washed ground meat served equally well as a starting material 
and was used in the later experiments. Dilute sodium chloride, 


*Food Research Division Contribution No. 469. This paper was 
originally presented before the Division of Biological Chemistry at the 
meeting of the American Chemical Society at Boston, September 11-15, 
1939. 
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85 per cent glycerol, and digestion with chymotrypsin and with 
papain were tried without avail. It was finally found that active 
extracts could be prepared from well washed muscle by the use 
of dilute alkali, digitonin, digitalin, or saponin. Extracts made 
with digitonin or digitalin were clear liquids, while those obtained 
by the use of saponin and dilute alkali contained some finely 
divided protein in suspension. The general procedure for prepa- 
ration of the active alkaline extract is shown in Fig. 1. 

It seems evident from the methods required to bring the muscle 
esterase into solution that at least a considerable portion of the 
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Fig. 1. Preparation of muscle esterase 


enzyme exists attached to the muscle solids, rather than in the 
accompanying fluids. It therefore appears to be a true muscle 
enzyme. 

A series of experiments on the alkaline extracts showed that 
the optimum hydrogen ion concentration was about pH 6. The 
best activity was obtained in the presence of phosphate. In 
contrast to liver esterase, hydrolysis at pH 8 was slow. 

As indicated by tests on a series of substrates, the enzyme is 
an esterase similar to that in liver rather than to lipase, for only 
the glycerides and other esters of the lower fatty acids were hy- 
drolyzed to any extent. Lecithinase, cholinesterase, and phos 
phatase were shown to be absent by tests on suitable substrates 
(Table I). 
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It was also found that the enzyme is considerably inhibited by 
bile, although it is active in the presence of digitalin, digitonin, 
and saponin, since active extracts could be obtained by the use 
of aqueous solutions of these substances. Synthetic experiments 
have been tried with these extracts but so far they have been 


TaBLe | 
Activity of Esterase from Lean Meat 
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rather inconclusive, owing possibly to the fact that the best 
physical conditions for the purpose have not been found. 

The digestion mixture used to measure the activity contained 
1.2 mm of substrate, 2 cc. of 0.5 m phosphate (pH 6), and 2 cc. 
of enzyme preparation in a total volume of 30cc. Periodically, 
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666 Esterase from Muscle 


5 ec. portions of the well emulsified mixture were dissolved in 
alcohol containing ether and titrated with alcoholic KOH, with 
use ‘of phenolphthalein. 

Owing to the present emphasis on the quick freezing of animal 
and vegetable food products, as well as on the older methods of 
low temperature preservation, it was thought desirable to in- 
vestigate the action of this esterase at cold storage temperatures, 
Since benzyl butyrate had been found to be very easily hydro- 
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Fig. 2. Digestion of benzyl butyrate and tributyrin by meat esterase 


lyzed, it was used for the first low temperature experiments with 
the enzyme extracted from the washed ground meat by the use 
of dilute alkali. After the fact was established that hydrolysis 
took place, tributyrin was tried under the same conditions. As 
can be seen from Fig. 2, the enzyme is quite active at freezing 
temperatures, such as would be used in cold storage. 

A piece of lean meat was injected with benzyl butyrate and 
held at a temperature of —7° for 4 days. 150 cc. of steam distil- 
late required 17.6 ec. of 0.1 N sodium hydroxide solution for neu- 
tralization. A control held under the same conditions, the 
benzyl butyrate being added just before the distillation com- 
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menced, required 7.1 cc. of 0.1 N NaOH for neutralization. (A 
small amount of H»SO, was added to hold back any volatile basic 
substances. ) 

To 4 gm. of thoroughly washed ground meat 0.5 cc. of benzyl 
butyrate was added and the mixture was held for 20 hours at — 1°, 
3 ec. of 0.5 N sulfuric acid were then added, and the whole was 
steam-distilled. The distillate was collected in 25 cc. portions 
until only 0.5 cc. of 0.1 N sodium hydroxide was required for 
neutralization of the liberated acids. The total 0.1 N alkali used 
was 3.6 cc. In an experiment at 40° and 3} hours 7.4 cc. of alkali 
were required for neutralization. The control required only 0.1 
to 0.2 ec. for each 25 cc. of distillate. 

In conclusion it can be stated that an enzyme exists in beef 
and other muscular tissues which has the characteristics of an 
esterase and which still shows marked activity at temperatures 
below the freezing point of water. 
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STUDIES IN HISTOCHEMISTRY 


XV. THE HISTOLOGICAL DISTRIBUTION OF CHOLINE ESTERASE 
IN THE ADRENAL GLAND 


By WILLIAM ANTOPOL anv DAVID GLICK 
(From the Laboratories of the Newark Beth Israel Hospital, Newark) 


(Received for publication, November 14, 1939) 


Previous investigations concerning the quantitative histological 
distribution of biologically important constituents of the adrenal 
gland have been made for ascorbic acid (1) and lipase and esterase 
(methyl butyrase) (2). Since acetylcholine is evidently involved 
in the liberation of adrenalin, and because choline esterase is a 
factor which influences the fate of acetylcholine, it was decided 
to investigate the distribution of this enzyme in the adrenal gland. 
Furthermore, it was considered of interest to determine whether 
the general rule, that relatively high concentrations of acetyl- 
choline in tissues are associated with relatively great choline 
esterase activities, applied to the different portions of the adrenal 
gland as well. Feldberg and Schild (3) found the acetylcholine 
concentration in the medulla to be 0.45 mg. per kilo compared 
to 0.1 in the cortex; hence, if the above rule holds, the medulla 
should have the greater enzyme activity. 

Glaubach and Pick (4) were the first to show that the injec- 
tion of a choline ester (urea chloroacetylcholine chloride, 
NH,CONH:-CICH:COOCH2CH;N(Cl)(CHs)3) resulted in an out- 
pouring of adrenalin from the adrenals, and they suggested that 
choline esters might be intermediary agents in adrenalin discharge 
evoked by stimulation of the adrenal ganglion. Later Feldberg 
and coworkers (5), using acetylcholine, obtained results consistent 
with those of Glaubach and Pick, which they substantiated by 
subsequent experiments on the release of acetylcholine by splanch- 
nic nerve stimulation (6). Additional evidence for the adrenalin 
secretory action of acetylcholine has resulted from the work of 
Broun and Beaune (7), Hermann et al. (8), and Chang and co- 
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670 Choline Esterase in Adrenals 


workers (9), while Lévy and collaborators (10, 11) demonstrated 
that certain other esters of choline also possess this action. 


EXPERIMENTAL 


Beef, pig, and rabbit adrenals were used in this investigation. 
The glands removed directly after the killing were frozen with dry 
ice; cylinders of tissue were punched out, fixed to the head of a 
rotary freezing microtome, and slices 25 » thick and 2.5 mm. in 
diameter were cut serially in the manner previously employed 
(1, 2). Two consecutive sections were taken for measurement 
of enzyme activity, the next slice for staining and histological 
examination, the following two for enzyme study again, and so on 
through the various layers of the gland. 

The chemical micromethod of Glick (12), with the titration 
apparatus of Linderstr@m-Lang and Holter, was used for the 
determination of choline esterase activity and applied to measure- 
ments upon the microtome sections in the fashion employed 
earlier (13). Hydrolysis of the substrate, acetylcholine chloride, 
was allowed to proceed for 4 hours at 40°. 

The sections removed for histological study were dipped in 
95 per cent alcohol, transferred to water, and then stained with 
thionine and mounted in glycerol. These sections were used 
to identify the region of the gland. To enable correlation with 
the stained frozen sections and more detailed histological examina- 
tion, the tissue surrounding the area from which the cylinder had 
been removed was fixed in 20 per cent formalin, embedded in 
paraffin, sectioned at 5 u, and stained with hematoxylin and eosin. 


DISCUSSION 


Each experiment was performed on the adrenal from a separate 
animal, two of each species being employed. The results of 
typical experiments with pig, beef, and rabbit adrenals are given 
in Figs. 1 to 3. The enzyme activities were correlated with the 
cellular distribution by designations placed on the curves at those 
positions where the respective cells occurred in maximum con- 
centration. 

The gradual rise in the curve in Fig. 1, as the medullary region 
is approached, reflects the gradual increase in the proportion of 
medullary cells in the pig adrenal, while the more precipitous rise 
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in the curve in Fig. 2 results from the sharper transition of the 
reticularis to the medulla in the beef adrenal. The adrenal gland 
of the rabbit is intermediary in this respect. This is probably 


3 





a ae ee oe 
m0 O05 10 1S cO eS 30 





Fig. 1. Choline esterase activities in the various regions of the pig 
adrenal. © represents total hydrolysis expressed as acid formed in 4 hours 
at 40° in terms of 0.05 n HCl; X control values representing the sum of the 
non-enzymatic hydrolysis of substrate and titratable acid in the tissue. 
Histologically defined regions of the adrenal: C capsule, G glomerulosa, 
F fasciculata, R reticularis, M medulla. The position of the letters on the 
curve indicates the zone of the maximum concentration of the respec- 
tive cells. 
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Fig. 2. Choline esterase activities within the beef adrenal. The des- 
ignations are the same as in Fig. 1. 
Fic. 3. Choline esterase activities within the rabbit adrenal. The 
designations are the same as in Fig. 1. Cor. represents cortex. 
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due to the manner in which the tissue was removed with the 
punch, since the direction of the cylinder was not always strictly 
perpendicular to the medulla, so that in some sections both cortex 
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and medulla were present. The sharpness of the boundary be- 
tween cortex and medulla in the individual glands may also be 
a factor which influences the gradient. In the rabbit, there is 
no clear histological differentiation between the fascicular and 
reticular layers of the cortex, and for this reason no designations 
of cell types were made on the curve other than indications of 
cortical and medullary regions. 

There is little difference between the profiles of the curves for 
the three species studied, and it is obvious that the various cortical 
cells within a given gland possess a relatively low and constant 
enzyme activity as contrasted with the great activity of the 
medullary cells. In view of the fact that the choline ester re- 
sponsible for adrenalin liberation must operate upon medullary 
cells, one might expect the greater choline esterase activity ob- 
served in this region of the gland. The ratio of 4.5:1 for the 
acetylcholine concentration in medulla and cortex found by Feld- 
berg and Schild is approximately the same for the relative choline 
esterase activities. This parallelism is in agreement with the 
aforementioned general rule that high acetylcholine concentra- 
tions in tissues are associated with great choline esterase ac- 
tivities. It has already been suggested by Antopol, Glaubach, 
and Glick (14) that this association may be a control mechanism 
preventing the effects of excess acetylcholine in tissue. In the 
case of the adrenal, it is reasonable to assume that the choline 
esterase in the medulla plays a similar réle. 


SUMMARY 


The quantitative histological distribution of choline esterase 
in pig, beef, and rabbit adrenals has been studied. 

The cortical region of the adrenal possessed little enzyme ac- 
tivity, but the medulla was relatively potent. 

No species differences were found, and no variations in the 
enzyme activities of the cell types in the cortex were observed. 


The authors wish to thank Dr. Susi Glaubach for her valuable 
assistance in the preparation of the manuscript. 
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PHOSPHATASE STUDIES: THE HYDROLYSIS OF AMINO- 
ETHYLPHOSPHATE AND §-GLYCEROPHOSPHATE 
BY FECAL AND KIDNEY PHOSPHATASE 


By RUSSELL V. BOWERS,* EDGAR L. OUTHOUSE, anv 
J. C. FORBES 
(From the Department of Biochemistry, Medical College of Virginia, 
Richmond) 


(Received for publication, November 20, 1939) 


Outhouse (1) reported the isolation of a new phosphoric acid 
ester, aminoethylphosphate, from tumors. Recently Colowick 
and Cori (2) have isolated this same ester from the intestines of 
rats and rabbits. Although this ester is known to be hydrolyzed 
by both kidney and fecal phosphatase, no detailed study on the 
optimum hydrogen and magnesium ion concentrations has been 
reported. In order to fill this gap in our knowledge of this im- 
portant ester, the investigation here reported was carried out. 
For comper*tive purposes the effect of the enzyme preparations 
on the commonly employed sodium #-glycerophosphate was also 
studied. 

The fecal phosphatase used in the investigation was prepared 
by Armstrong (3) from dog feces at the Banting Institute and given 
to one of us (E.L.O.). Since that time it has been kept at room 
temperature in dark, stoppered bottles. The kidney phosphatase 
preparations were prepared from hog kidney by a slight modifica- 
tion of Armstrong’s method for fecal phosphatase. Although it 
is by no means as active as Armstrong’s fecal phosphatase prepa- 
ration, nevertheless marked purification was accomplished. In 
its preparation 1300 gm. of hog kidney: were ground in a meat 
grinder, suspended in 4000 cc. of 0.001 n NaOH plus 75 cc. of 
toluene, and allowed to autolyze at 20° for 5 days. The material 
was then placed in a refrigerator and filtered. The filtrate, which 


* Presented by Russell V. Bowers in partial fulfilment of the require- 
ments for the degree of Master of Science. 
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was quite brown, was cooled to about 2° and 80 cc. of 50 per cent 
acetic acid were added. After 10 minutes the pH of the solution 
was adjusted to approximately 9 with ammonium hydroxide and 
the solution filtered cold. The filtrate was saturated with am- 
monium sulfate and acetone added to give 60 per cent by volume. 
After the solution had stood for several hours, a brown precipitate 
separated out on top of the solution. This was filtered off and 
dissolved in 600 cc. of cold 1 per cent ammonium hydroxide. 
6 gm. of wood charcoal were added, the solution stirred, and after 
some time filtered. An equal volume of acetone was added to the 
filtrate and the precipitate which formed was separated by centri- 
fuging. The precipitate was washed successively with 60, 70, and 
80 per cent acetone respectively. It was then placed in a vacuum 
desiccator to dry. The most active preparation under optimum 
hydrogen and magnesium ion concentrations, with sodium £- 
glycerophosphate as substrate, liberated 1.21 gm. of phosphorus 
per gm. per hour at 37.8°. 

Determination of Optimum pH—The enzyme activity was de- 
termined by incubating solutions prepared in the following man- 
ner. To a Pyrex test-tube graduated at 15 cc. were added 5 ce. 
of a stock buffer solution, 5 cc. of a 0.01 m solution of the sodium 
salt of the ester being studied, and 1 cc. of a magnesium chloride 
solution of such a strength as to give the required magnesium 
concentration. The tube was then placed in a water bath at 37.8° 
and, after attaining the temperature of the bath, 1 cc. of the 
enzyme solution was added. The tube was shaken immediately 
and placed in the water bath for the required time. Controls 
without enzyme were run simultaneously. The phosphorus lib- 
erated was determined by King’s method (4) at the end of the 
incubation period, the color being developed in the hydrolysis 
tube. 

Several buffer mixtures were used in this investigation ; namely, 
veronal-HCl, borate-HCl, and glycine-NaOH. The results ob- 
tained were the same for each of these buffer mixtures. The effi- 
ciency of these buffers under the conditions of hydrolysis was 
checked by determining the pH of similarly treated solutions 
both before and after incubation. The pH of the solutions was 
not significantly affected by the phosphorus liberated. 

It will be seen from the experimental results which are graph- 
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ically represented in Fig. 1 that the optimum pH for fecal phos- 
phatase on both sodium aminoethylphosphate and sodium #- 
glycerophosphate is 8.8. This value is considerably lower than 
the value of pH 9.6 reported by Armstrong (3) for fecal phospha- 


100 
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Fic. 1. The effect of pH on phosphatase hydrolysis. The ordinate 
gives relative hydrolysis with the amount of phosphorus liberated from 
8-glycerophosphate under optimum conditions taken as 100. Curve I, 
8-glycerophosphate-fecal phosphatase; Curve II, aminoethylphosphate- 
fecal phosphatase; Curve III, 8-glycerophosphate-kidney phosphatase ; 
Curve IV, aminoethylphosphate-kidney phosphatase. 


tase acting on disodium phenylphosphate. The optimum pH for 
kidney phosphatase on both of the substrates employed was 9.2. 
This value agrees well with previous work on the action of kidney 
phosphatase on §-glycerophosphate (Kay (5), Albers and 
Albers (6)). 
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Determination of Optimum Magnesium Concentration—These 
experiments were carried out in the same way as the previous 
ones except that a borate buffer solution of a pH value correspond- 


40 


-08 












” 
g 
= 
3 
0.06 
= 
Qa 
00005 
P| 
CONTROL 
02+ 
re) i 1 1 
° 2 4 6 
HOURS 


Fic. 2. The effect of magnesium on phosphatase activity. The mag- 
nesium concentration (in moles) is shown for each curve. A, aminoethyl- 
phosphate-fecal phosphatase; B, 8-glycerophosphate-fecal phosphatase; 
C, aminoethylphosphate-kidney phosphatase; D 8-glycerophosphate- 
kidney phosphatase. 


ing to the optimum activity of the enzyme was used throughout; 
namely, pH 8.8 for fecal and 9.2 for kidney phosphatase. As & 
rule the incubation period was 1 hour, but in several instances, 
in order to get an activity curve over a longer period of time, 
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the experiments were run for 8 hours. Since these longer experi- 
ments gave results in complete agreement witb the shorter one, 
for the sake of conserving space they alone will be reported. In 
these experiments of long duration a number of tubes of each 
magnesium concentration were incubated together and one of 
each analyzed for inorganic phosphorus at different intervals of 
time. 

From the analytical results which are represented in Fig. 2, 
it will be seen that the optimum magnesium concentration for 
activation of fecal phosphatase, with sodium aminoethylphosphate 
as substrate, is about 0.1 m. A number of short duration experi- 
ments, not here reported, place the optimum as 0.08 to 0.1 Mm. 
When this enzyme acts on sodium f-glycerophosphate, the opti- 
mum magnesium concentration is markedly less, being only 
0.005 m. The optimum magnesium concentration for kidney 
phosphatase, on the other hand, is the same for both substrates, 
namely 0.005 m. 

The relative rate of hydrolysis of the two substrates by equal 
concentrations of enzymes, at different pH values and at optimum 
magnesium concentrations, is shown in Fig. 1. The results show 
that the rate of phosphorus liberation from aminoethylphosphate 
is only about two-thirds that from 8-glycerophosphate. 


DISCUSSION 


The relative absence of magnesium in the enzyme prepara- 
tions used in this study is demonstrated by the marked increase in 
activity on addition of magnesium. At optimum magnesium 
concentrations the activity is 2 to 3 times that of the enzyme 
without magnesium, an increase in activity comparable to that 
obtained by Jenner and Kay (7) with dialyzed phosphatase prepa- 
rations on addition of magnesium. 

The difference in the magnesium concentration required for 
optimum activity of fecal phosphatase when acting on amino- 
ethylphosphate compared with that required when acting on 6- 
glycerophosphate is of interest, the amount necessary for maxi- 
mum activation, when aminoethylphosphate is the substrate, being 
about 20 times that required for B-glycerophosphate. This is a 
hitherto unknown characteristic of fecal phosphatase and, as 
far as we know, has never been reported for any phosphatase. 
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Since there is no apparent difference in the magnesium require- 
ment of these two substrates when kidney phosphatase is used, 
this definitely indicates a fundamental difference between the 
two enzymes. The results suggest that the use of aminoethyl- 
phosphate as a substrate in the study of phosphatases might be 
of value in distinguishing between phosphatases from various 
sources. 


SUMMARY 


1. The optimum pH for fecal phosphatase acting on both 
sodium aminoethylphosphate and §-glycerophosphate has been 
found to be 8.8, while the optimum pH for kidney phosphatase 
acting on the same substrates is 9.2. 

2. The optimum magnesium concentration for activation of 
fecal phosphatase is different for the two substrates, being 0.08 
to 0.10 m for sodium aminoethylphosphate and 0.005 m for sodium 
8-glycerophosphate. Kidney phosphatase on the other hand 
required 0.005 m magnesium for both substrates. 

3. The rate of hydrolysis of sodium aminoethylphosphate 
by both of these enzymes is only approximately two-thirds that 
of sodium §-glycerophosphate. 

4. The possible significance of these variations of magnesium 
requirement for optimum activation with different substrates 
is briefly discussed from the standpoint of the phosphatase classifi- 
cation. 
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A MICROMETHOD FOR THE DETERMINATION OF 
CARBON DIOXIDE IN BLOOD AND OTHER 
FLUIDS 


By EDWARD 8S. WEST, BERT E. CHRISTENSEN, anv 
ROBERT E. RINEHART 


(From the Department of Biochemistry, University of Oregon Medical School, 
Portland, and the Department of Chemistry, Oregon State 
College, Corvallis) 


(Received for publication, November 21, 1939) 


Christensen and Facer (1) have devised an apparatus and pro- 
cedure for the microdetermination of carbon and hydrogen in 
organic compounds by a wet combustion process in which the 
evolved carbon dioxide is absorbed in standard barium hydroxide. 
The apparatus used for the determination is based on the prin- 
ciple of Pettenkopfer (cf. (2)) in which the carbon dioxide is 
drawn into an evacuated vessel containing the standard base. 
By slightly modifying the above apparatus of Christensen and 
Facer, it has been found possible to use it for the precise deter- 
mination of the total carbon dioxide of plasma and other solutions. 

The methods commonly used for such determinations are the 
manometric (3, 4), volumetric (5-7), and titrimetric (8) proce- 
dures of Van Slyke and associates. The manometric and volu- 
metric methods, while precise, require rather expensive equip- 
ment, considerable experience in manipulation, and the use of 
certain factors peculiar to the solutions being analyzed. The 
titrimetric method involves the titration of a buffered solution, 
and, while being sufficiently accurate for clinical purposes, is not 
of research precision. 

The procedure here presented has the advantages of requiring 
relatively simple apparatus and little manipulative skill, and 
yielding results comparable to those obtained by the manometric 
method. 
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682 Microdetermination of CO, 


Method 


Apparatus—The apparatus, of Pyrex glass, is illustrated in 
Fig. 1. The reaction vessel A (volume, 10 ml. to the ground 
glass joint) was constructed from a 19/38 standard taper joint and 
a 2-way capillary stop-cock (a). The cup on the side arm con- 
tains about 5 ml. Flask B, for the absorption of COe, was made 
from a 250 ml. Erlenmeyer flask, a 29/42 standard taper joint, 
and a 2-way capillary stop-cock (b). Fig. 2 shows the pipette 
used for the protection and accurate measurement of the stand- 
ard barium hydroxide solution. It was made from a 3 ml. 
Ostwald-Folin pipette. 

Solutions— 

1. Barium hydroxide. Approximately 0.05 n Ba(OH), is pre- 
pared by adding 9 volumes of water to 1 volume of a saturated 
solution. When prepared, it is stored in a Pyrex flask protected 
by a soda lime tube and connected to the pipette described above. 

2. Hydrochloric acid. Approximately 0.0300 n HCl was pre- 
pared and standardized against Na2CO; purified according to 
Van Slyke and Neill (3). 

3. Thymol blue indicator. 0.2 gm. of indicator is dissolved in 
43 ml. of 0.01 n NaOH and diluted to 500 ml. with water. 

4. Glycerol. 

5. Caprylic alcohol. 

6. H.SO,, 5 per cent by volume. 


Procedure 


The absorption vessel B (Fig. 1) is evacuated to approximately 
30 mm. and filled with air drawn through a soda lime tower. It 
is then charged with 3 ml. of 0.05 n Ba(OH): accurately measured 
with the pipette shown in Fig. 2, 3 drops of thymol blue indicator 
are added, and the flask is reevacuated. While the flask is being 
charged, care must be taken not to leave it open longer than 
necessary. It is very important that both ground glass joints 
be well lubricated with glycerol to prevent sticking. 3 to 5 drops 
of water are then placed in the U-tube connecting vessels A and 
B. 1 ml. of plasma, or other solution to be analyzed, is pipetted 
into the reaction vessel A, which is then connected (as shown in 
Fig. 1) to the absorption vessel B. 4 ml. of 5 per cent H.SO, and 
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1 drop of caprylic alcohol are introduced into the cup on the side 
arm of the reaction vessel, which is then connected to a large soda 
lime tube. 

Stop-cock 6 is carefully adjusted until a partial vacuum is 
attained in vessel A, as evidenced by the gases which pass through 
the trap in the U-tube. Stop-cock a is then opened and the acid 
in the side tube allowed to flow into vessel A. Stop-cock a is 
now partially closed and a slow stream of CO--free air permitted to 
enter, bringing flask B to atmospheric pressure in about 10 min- 


\ waa TUBING 























CAPILLARY TUBING 








Fic. 1. Apparatus for carbon dioxide determination. A, reaction 
vessel ; B, absorption flask; a and b, 2-way stop-cocks. 


utes. After the air flow has been adjusted, flask A is placed in a 
water bath at 60-70° for the duration of the flushing. 

After the system has returned to atmospheric pressure, stop- 
cock b is closed and the absorption flask disconnected and set aside 
for 15 minutes. During this time another determination may be 
started, for which a second absorption flask is used. 2 ml. of 
acetone are now added to the absorption flask and the excess 
Ba(OH), is titrated with 0.0300 x HCl from a 5 ml. microburette. 
During titration the contents of the flask are protected from at- 
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To soda lime 
tube 
l 
To waste bottle 
To Ba (OH) 
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§ glass tip with 
4 rubber tubing 
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\bead for control 
of Flow 


Fig. 2. Pipette for measurement of standard barium hydroxide solution 


mospheric CO2 by a rubber dam held over the mouth of the flask 
with a rubber band. The tip of the burette is admitted through a 
pin hole cut in the center of the cover. 
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Results 


Blank Determinations—Since it is necessary to standardize the 
apparatus for small amounts of contaminating air, blank runs 
were made. 5.20 ml. of HCl were required to neutralize 3 ml. 
of Ba(OH).; in four blank runs 5.14, 5.14, 5.14, and 5.13 ml. of 
acid were required. 

Analysis of NazCO; Solution—In order to determine the ac- 
euracy of the method, 1 ml. of a solution containing a known 
concentration of NagCOs; was analyzed by this method and also 


TABLE I 
Determination of Plasma CO, 














Sample No. Van Slyke | Ba(OH): absorption 
vol. per cent vol, per cent 

1 40.9 41.1 
40.9 41.1 

40.6 41.4 

2 36.4 | 36.6 
36.4 | 36.9 

36.6 | 36.3 

3 59.4 59.5 
59.5 59.7 

4 43.4 43.8 
43.4 | 44.1 

5 48.4 48.5 
48.2 48.1 

6* | 56.7 56.5 
| 56.8 56.7 





* This determination was made by a worker having no previous experi- 
ence with the method, illustrating the fact that no great manipulative skill 
is necessary. 


by the Van Slyke manometric procedure. The results of a num- 
ber of typical runs are given (theory, 49.7 volumes per cent). 


Van Slyke Ba(OH)s: absorption 
vol. per cent vol. per cent 
49.4 49.9 
50.2 50.6 
49.4 49.9 
50.1 49.7 


50.1 
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Analysis of Human Plasma—The total CO: content of human 
plasma was determined by the Ba(OH). absorption method and 
the manometric method of Van Slyke. The results are given in 
Table I. 

Calculations—The ml. of standard HCl! required for the blank 
determination (A), minus the ml. of HCl required to titrate the 
excess Ba(OH). (B), are equivalent to the CO, evolved. Ex- 
pressed as an equation 


(A — B)(w of HCI) (44) 


9 = mg. CO, in sample 


and for a 1 ml. sample 


(A — B)(w of HCI)(22.4)(100) _ 


rol. % CO 
2 VOl. Yo 2 


SUMMARY 


1. A simple inexpensive apparatus has been described for the 
determination of the total CO, content of plasma and other 
solutions. 

2. It has been compared with the manometric method in ear- 
bonate solutions and plasma and found to agree within 1 per cent. 

3. The time required for a complete determination is 15 
minutes. 
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PREPARATION, PROPERTIES, AND THIOCYANOGEN 
ABSORPTION OF TRIOLEIN AND TRILINOLEIN* 


By D. H. WHEELER, R. W. RIEMENSCHNEIDER,?t anp CHARLES 
E. SANDO 


(From the Food Research Division, Bureau of Agricultural Chemistry and 
Engineering, United States Department of Agriculture, Washington) 





(Received for publication, November 7, 1939) 


The synthesis of glycerides of known structure has received the 
attention of many workers. Griin, in the recent book of Schén- 
feld and Hefter (1), has summarized much of the work which 
has been done in this field. However, most of the glycerides 
which have been prepared have been those of saturated acids. 
These glycerides are compounds which can be purified by crystal- 
lization, and the saturated acids from which they are made have 
been available in pure form. On the other hand, the liquid 
glycerides of the unsaturated acids have apparently not been pre- 
pared in a pure state and adequately characterized. 

Several preparations of triolein have been reported. Berthelot 
(2) heated glycerol and oleic acid at 240° to obtain a product which 
remained liquid ‘‘to 10° and under.’”’ Carbon and hydrogen anal- 
yses agreed well with theory. Guth (3) prepared triolein by 
heating sodium oleate and tribromohydrin at 180° for 10 hours. 
The product solidified at —4° to —5°. After several weeks, it 
solidified at ordinary temperatures; but after melting it again 
solidified at the lower temperature. The iodine number was 85.1 
(theory 86.1) and the saponification equivalent was close to 
theory. The product distilled with decomposition at 235-240° 


* Food Research Division Contribution No. 466. 

Taken in part from material submitted by D. H. Wheeler to the Uni- 
versity of Maryland in partial fulfilment of requirements for the degree of 
Doctor of Philosophy. 

t Research Fellow in Cottonseed Products, National Cottonseed Prod- 
ucts Association, and Collaborator, Bureau of Agricultural Chemistry and 
Engineering, United States Department of Agriculture. 
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688 Triolein and Trilinolein 


at 18 mm. pressure. Pottevin (4) formed triolein by allowing an 
excess of oleic acid to react with monoolein at 36°, using 1 per cent 
of pancreatic tissue as catalyst. The separated triolein was said 
to solidify around 0° and to have a density of 0.915 at 15°. Bel- 
lueci (5) heated oleic acid and glycerol at 250° under 30 mm. 
pressure and purified the product by extraction with alcohol. 
His product had an iodine number of 85.7 and saponification 
equivalent close to theory. 

Trilinolein was prepared by Izar (6) by heating potassium li- 
noleate and trichlorohydrin at 160°. It was described as a red- 
dish yellow oil. No further properties were reported. After 
completion of the present work, the announcement of the synthesis 
of mono- and trilinolein by Black and Overley' was noticed. They 
made the acid chloride of tetrabromostearic acid and from it pre- 
pared the triglyceride, which they debrominated to obtain trili- 
nolein. Their product had an iodine number of 171.2 (theory 
173.4), saponification number of 191.2 (theory 191.5), and n? = 
1.4709. They reported a melting point of —5° to —6° by the 
capillary tube method after the sample was held at — 26° for sev- 
eral hours. 

It is recognized that the glycerides of unsaturated acids play a 
very important rdle in relation to such properties of oils and fats as 
consistency, digestibility, nutritional value, ease of oxidation, 
and polymerization and other characteristics. 

With a view of advancing the knowledge of the unsaturated 
glycerides and their properties, we synthesized triolein and trili- 
nolein and obtained them in pure form. The method of prepara- 
tion of these glycerides and some of their chemical and physical 
properties are described in this paper. 


EXPERIMENTAL 


Preparation of Triolein—The triglyceride of oleic acid was pre- 
pared by direct esterification of oleic acid and glycerol in an at- 
mosphere of nitrogen with p-toluenesulfonic acid as catalyst. 

The oleic acid contained not over 0.1 per cent of saturated acids 
or linoleic acid as impurities and was prepared as described in & 
previous publication (7). 


1 Presented before the Ninety-eighth meeting of the American Chemical 
Society at Boston, September 12, 1939 (Black, H. C., and Overley, C. A., J. 
Am. Chem. Soc., 61, 3051 (1939)). 
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About 6 per cent excess of oleic acid was used to favor complete 
esterification of the hydroxyls. p-Toluenesulfonic acid was used 
in an amount equal to about 1 per cent of the combined weight 
of oleic acid and glycerol. The reactants were placed in the reac- 
tion vessel E, Fig. 1. The system from C to J was evacuated to 
about 1 mm., and then purified nitrogen was allowed to enter at 
C until a slight positive pressure was registered by the manometer 
D, after which a continuous stream of the gas was permitted to 
flow through the system. The nitrogen was purified by first 
passing over reduced copper (B) heated to dull redness by the 
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Fic. 1. Diagram of apparatus used for the preparation of triolein and 
trilinolein. A electric furnace, B reduced copper, C calcium chloride and 
anhydrous magnesium perchlorate, D manometer, FE reaction vessel, F 
nitrogen tube, G thermometer, H electric heater, J absorption train. 


electric furnace (A), and then over calcium chloride and anhydrous 
magnesium perchlorate (C). Heat was applied to the reaction 
vessel by means of a controlled electric heater, H. The tempera- 
ture of the reactants was maintained at about 125°, as indicated 
by the thermometer, G. The stream of nitrogen led into the 
mixture by tube F served effectively to agitate the contents of 
the vessel and to carry over the water formed in the reaction to 
the absorption train (J) which contained calcium chloride and 
anhydrous magnesium perchlorate. The inert gas also prevented 
oxidation. 
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Water was evolved copiously at first; then gradually diminished 
as the reaction neared completion, until the amount of water 
evolved during 4 hour was less than 1 per cent of the total. Heat- 
ing was then stopped, and the mixture was cooled and dissolved 
in 2 volumes of petroleum ether (b.p. 30-45°). This solution 
of the crude product was then washed with six or seven portions 
of 70 per cent ethanol. (A slight excess of potassium hydroxide 
was added in the first alcoholic washing to remove free acids.) 
After thorough washing with water, the solution was dried over 
anhydrous sodium sulfate, and the solvent was removed, finally, 
by warming under a vacuum (0.2 mm.) to constant weight. By 
this procedure 120.7 gm. of crude triolein were obtained from 
131 gm. of oleic acid and 13.44 gm. of glycerol. In the reaction 























TaBLeE I 
Data Obtained from Molecular Distillation of Triolein 
Fraction No. | Weight | Iodine No. (theory 86.1) 
gm. | 

1 7.5 83.6 

2 | 11.1 | 84.8 

3 8.4 85.6 

4 8.1 85.6 

5 48.1 86.1 
ee 21.3 85.9 








time of 5 hours 7.81 gm. of water (theory 7.88 gm.) were collected. 
The iodine number of the crude triolein was 85.3 (theory 86.1). 
The yield was 93.6 per cent, based on the glycerol. 

Crystallization of the crude triolein from acetone (10 cc. per 
gm.) at —45° gave 116.5 gm. of product having an iodine number 
of 85.5. . 

109 gm. of the crystallized product were then subjected to 
molecular distillation in a cyclic still like that described by Hick- 
man (8). After the removal of traces of volatile material, the 
triolein distilled at a rate of 1 drop in 5 seconds, with a column 
temperature of 245° and at a pressure of 2 u or less. The weights 
and iodine numbers of the fractions are shown in Table I. 

The main portion, Fraction 5, had the theoretical iodine number 
for triolein. This fraction was used in further studies of the 
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physical and chemical properties of triolein. The saponification 
equivalent was 295.8 (theory 294.9); n? = 1.4621; n¥ = 1.4586; 
density at 40°, 0.8988. The molecular refraction calculated 
from the data at 40° was 270.5, compared to 269.0 for the sum of 
atomic refractions. Free acid, as oleic, was 0.05 per cent. 

Melting and Freezing Points and Polymorphism of Triolein— 
From a study of melting and freezing points of triolein both by 
the capillary tube method and by cooling and warming curves, 
it was observed that polymorphism was exhibited similar to that 
reported by Clarkson and Malkin (9) in their work on saturated 
triglycerides, except that the transitions of the lower melting 
forms are more rapid. 

From capillary tube observations, there appeared to be three 
crystalline or solid forms of triolein; Form I, the stable modifica- 
tion, melting at 4.7-5.0°, Form II, a form melting at about 
—12°, and Form III, a form melting around —32°. These ob- 
servations were made as follows: The melting point tube con- 
taining triolein was placed in a bath at —55°, where the sample 
froze rapidly to a white solid. Upon slow warming of the bath, no 
melting was observed below 4.7-5.0°. However, if the sample 
frozen at —55° was immediately placed in a bath at —32° or 
higher, it melted to a turbid liquid and quickly solidified again 
(3 or 4 seconds). If the bath was below —32°, no melting oc- 
curred, even on warming the bath to —32°, or above, owing to 
the transition of Form III to II below the melting point of Form 
III. If the sample which had melted at —32° and resolidified 
was placed in a bath at — 12° or higher, it again melted and quickly 
resolidified (4 or 5 seconds). Similarly, if the bath was below 
—12°, no melt was observed on warming the bath to —12° or 
above, until the melting point of Form I was reached, owing to 
transition of Form II to I. 

The presence of the three forms was verified by cooling and 
warming curves. These observations were made with a calibrated 
potentiometer and thermocouple, permitting temperature deter- 
minations to an accuracy of 0.1-0.2°. The readings were obtained 
on a 5 cc. sample in a small test-tube, jacketed with a larger 
test-tube which served as lagging. The sample was stirred 
manually during the cooling. 

The cooling and warming curves for Form I are shown in Fig. 2. 
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Cooling Curve A was obtained without seeding; Curve B showed 
less supercooling when the sample was seeded by a small amount 
of solid from a previous freezing. Warming Curve C agrees with 
the cooling curves in arrest point. From these curves, the freezing 
and melting point is 4.3°, a value only slightly lower than that 
obtained by the capillary tube method. 
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Fie. 2. Cooling and warming curves of triolein, Form I. Curve A, 
cooling curve, without seeding; Curve B, cooling curve, with seeding; 
Curve C, warming curve. 


























Form II could be demonstrated by a more rapid rate of cooling. 
Fig. 3 shows such a curve. The arrest for Form II is incomplete, 
and is followed by a rapid rise, almost to the melting point of 
Form I, due to heat of transformation of Form II to I. This 
partial arrest at —8° was higher than the capillary melting point 
of Form II, probably owing to some change of Form II to I with 
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liberation of heat which displaced the incomplete uold due to 
the melting of Form II. 

Evidence for Form III was difficult to obtain from cooling or 


warming curves, owing to its rapid transition. By very rapid 
freezing and subsequent warming at a rather rapid rate, an inflec- 
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Fig. 3. Cooling curve of triolein, Form II 


tion at —24.6° was obtained (Fig. 4) which probably represents 
an incomplete hold due to Form ITI, influenced by the effects of 
transition to higher forms. (Only a very slight arrest for Form 
II, at about — 10°, was also evident, followed by the rapid rise 
previously observed.) 
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Preparation of Trilinolein—Linoleic acid was prepared as pre- 
viously described (10). The glyceride of this acid was synthesized 
in exactly the same manner as described for triolein. After 5 
hours reaction time, 96.2 gm. of linoleic acid (iodine number 
181.1), 10.25 gm. of glycerol, and 1 gm. of p-toluenesulfonie acid 
gave 5.77 gm. of water (theory 6.05 gm.) and 89.5 gm. of crude 
trilinolein (iodine number 171.5, theory 173.4). Yield, 93.3 per 
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cent, based on glycerol. Crystallization from acetone (10 cc. per 
gm.) at —65° afforded 82.2 gm. of product, iodine number 172.7. 

The results of molecular distillation of 54 gm. of crystallized 
product prepared as above are shown in Table II. The trilinolein 
distilled at essentially the same rate as did triolein under the same 
conditions. 

The trilinolein purified by molecular distillation was found to 
have the following constants: saponification equivalent, 2924 
(theory 292.9); free acid, as linoleic, 0.03 per cent, n? = 1.4719 
and n® = 1.4683; density at 40°, 0.9184. The molecular refraec- 
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tion calculated from data at 40° was 267.9, compared to 267.4 
for the sum of the atomic refractions. 

Melting and Freezing Points and Polymorphism of Trilinolein— 
Only two solid forms of trilinolein were observed: By the capillary 
tube method Form I melted at from —13.1° to —12.8°; Form II 
melted at about —43°. Supercooling was more pronounced than 
with triolein. 15 to 20 minutes at —75° were required to freeze 
the sample. If the sample frozen in a capillary tube was placed 
in a bath at —43° or higher, it melted to a clear liquid and re- 
solidified after 30 to 40 seconds. The product now melted nor- 
mally at —13.1° to —12.8°. No intermediate forms were 
detected. 

The cooling and warming curves for Form I are shown in Fig. 5. 
Supercooling was very pronounced without seeding (Curve A), 


TABLE II 


Data Obtained from Molecular Distillation of Trilinolein 











Fraction No. Weight Iodine No. (theory 173.4) 
oul =A ™ > 
1 5.1 169.5 
2 7.8 172.6 
3 6.6 173.8 
4 11.2 173.9 
Ee ee ee 20.0 173.9 


and the hold was shorter and 0.5° lower than that at —13.9°, 
the value obtained with seeding (Curve B). The warming curve 
(C) showed a melting point of — 14.2°. 

Evidence for Form II could be obtained only on warming curves 
of samples which had been frozen by direct immersion for 15 to 20 
minutes in a bath at —75°. Fig. 6 shows such a curve with an 
incomplete arrest at — 45.5°, followed by a rapid rise, due to heat 
of transformation of Form II to I. 

Thiocyanogen Absorption of Triolein and Trilinolein—A previous 
study (11) of the thiocyanogen absorption of pure methyl oleate 
and methyl linoleate established a 3 hour reaction time as most 
accurate for mixtures containing relatively large amounts of 
the latter. It seemed desirable to extend this investigation to the 
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glycerides of these acids. The thiocyanogen numbers were 
determined by the modified Kaufmann method (12) at 20-23° for 
varying periods of time, as shown in Table III. Duplicate deter- 
minations agreed within 0.3 unit or less. 

The values shown in Table III are averages of a number of deter- 
minations. It is evident from these data that a 4 hour reaction 
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Fia. 5. Cooling and warming curves of trilinolein, Form I. Curve A, 
cooling curve, without seeding; Curve B, cooling curve, with seeding; 
Curve C, warming curve. 


time is the best compromise, under the conditions employed, for 
determinations of the thiocyanogen numbers of triolein and 
trilinolein, especially in mixtures of both. The value at this 
period for triolein is slightly low (85.8, compared to 86.1 for 
theory) and slightly high for trilinolein (87.1, compared to 86.7 
for theory). A shorter time gives values too low for both, while 
a longer time gives values too high for trilinolein. 
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Bromination of Trilinolein—It has been definitely established 
that bromination of linoleic acid produces about equal amounts 
of crystalline and liquid tetrabromostearic acids. Assuming a 
similar formation of equal amounts of solid and liquid bromine 
addition products from each of the linoleyl groups in trilinolein, 
it can be predicted that a 12.5 per cent yield of the triglyceride 
of the crystalline tetrabromostearic acid would be produced, along 
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with mixed glycerides of the solid and liquid bromo acids. The 
results of the following experiment support this prediction. 
Bromine in slight excess was added slowly with stirring to 5.01 gm. 
of trilinolein in 50 cc. of anhydrous ether cooled in an ice-salt 
bath. The excess of bromine was then removed with afew drops of 
amylene. The crude solid material, filtered from the cold reaction 
mixture, was recrystallized from ether at — 10° and then combined 
with the crystalline product obtained from the filtrates by the 
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addition of petroleum ether and cooling to about —10°. A 10.5 
per cent yield, 1.095 gm., m.p. 73-78°, was thus obtained. Fur- 
ther crystallization of this material from petroleum ether and 
ether solution (2:1) afforded 0.707 gm., m.p. 81.0-81.7°, and 
0.243 gm., m.p. 80-81°. The latter two fractions, 0.950 gm., 
represent a 9.1 per cent yield, which is about three-fourths of the 
12.5 per cent yield predicted. The melting point is in good agree- 
ment with that reported by Black and Overley' for their synthetic 
triglyceride of crystalline tetrabromostearic acid (m.p. 81.0-81.5°). 
However, these investigators did not isolate a crystalline product 
upon bromination of their trilinolein in petroleum ether solution. 


TABLE III 


Thiocyanogen Numbers of Triolein and Trilinolein at Various Reaction 
Periods 


j 


Thiocyanogen Nos. 





Reaction period (20-23°) 

















Triolein (theory 86.1) Trilinolein (theory 86.7) 

Ars. 

l 77.7 73.9 

2 84.1 

3 85.4 85.4 

4 85.8 87.1 

5 85.8 87.3 
10 85.9 88.6 
24 86.2 90.5 

SUMMARY 


1. Triolein and trilinolein have been prepared and purified, 
and certain of their physical and chemical properties have been 
reported. 

2. The existence of three crystalline forms of triolein and of 
two crystalline forms of trilinolein has been demonstrated. 

3. A study of thiocyanogen absorption has shown that a 4 
hour reaction time is most suitable for the glycerides of oleic and 
linoleic acids. 

4. Bromination of trilinolein produced a number of bromine 
addition products. A 9.1 per cent yield of crystalline bromides 
was obtained. 
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COMPARATIVE STUDIES ON CREATINE, PHOSPHORUS, 
AND POTASSIUM IN VARIOUS MUSCLE TISSUES* 


By VICTOR C. MYERS anp GEORGE H. MANGUN 


(From the Department of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland) 


(Received for publication, August 21, 1939) 


Our present knowledge of the chemical behavior of creatine in 
muscle tissue rests largely upon the discovery of phosphocreatine 
by Fiske and Subbarow in 1927 (1). However, prior to this time 
there were many observations that suggested an interrelationship 
between creatine and other substances present in muscle. Urano 
(2) had already pointed out in 1906 the interesting fact that in 
experiments in vitro creatine and phosphate diffused from muscle 
at essentially the same rates, thus suggesting a connection between 
the two. In 1913, while working on the creatine content of rabbit 
muscle and its relation to urinary creatinine (3), it seemed probable 
to one of us (V. C. M.) that creatine was in some way linked with 
phosphorus, potassium, and glycogen in muscular activity, al- 
though in what way was not apparent. An attempt was made 
at that time to determine phosphorus and potassium as well as 
creatine in the muscle. The method for phosphorus did not prove 
entirely satisfactory, but a reliable method was available for 
potassium. A parallelism was noted between the muscle creatine 
and the potassium, but since no relationship seemed apparent at 
that time, the observations were not reported. However, in 
1922, in writing a brief review (4) on muscle the conviction of a 
relationship between these substances was so strong that the 
statement was made, ‘‘Without further discussion it may be said 
that there are many observations which lead one to believe that 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 

Presented before the Thirtieth annual meeting of the American Society 
of Biological Chemists, Washington, D. C., March 25, 1936 (J. Biol. Chem., 
114, p. Ixxv (1936)). 
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glycogen, creatine, phosphoric acid and potassium are closely 
associated in active muscle.” 

The discovery of the acid character of phosphocreatine (5) 
has disclosed an important relationship between this substance 
and the acid-base balance of muscle tissue. Since it is a stronger 
acid than inorganic phosphate or hexosephosphate, its hydrolysis 
results in the liberation of base which becomes available to neu- 
tralize other organic acids formed during the contraction and 
recovery of muscle. The one base present in muscle cells in 
sufficient concentration to account for all of the base-binding 
power of phosphocreatine is potassium. The only alternative 
explanation apparent would be for the phosphocreatine to be 
bound to muscle proteins or to be present in some combined form 
not having the strongly acid properties of isolated phospho- 
creatine. In the absence of any evidence to substantiate the 
existence of such a combined form of phosphocreatine, it would 
seem more logical to postulate its existence as the dipotassium 
salt of creatinephosphoric acid. 

The data presented in this paper include the potassium and 
creatine analyses carried out upon rabbit muscle in 1913 together 
with data upon the creatine, phosphorus, and potassium content 
of different muscles from man and a number of species of animals. 
The early creatine analyses are those previously reported (6). 
It has been our object to obtain figures upon muscles with widely 
varying concentrations of these three constituents in order to 
determine what relationship, if any, exists. 


Methods 


The earlier determinations of creatine were carried out upon an 
aqueous muscle extract, as described by Myers and Fine (3). 
Potassium determinations were carried out upon an aliquot of the 
same extracts as described by Myers (7) after ashing with sulfuric 
acid. Creatine, total phosphorus, and potassium determinations 
in the later studies were carried out as described in papers from 
this laboratory (8-10). 


Results 


Average values for the creatine, total phosphorus, and potas- 
sium of skeletal muscles from the hind legs of different animals 
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and for the pectoralis major muscle of man are presented in 
Table I. As will be seen, there is a close relationship among the 
three constituents. In general rabbit muscle has the highest 
concentration of each constituent, while human muscle has the 
lowest. ’ 

The data obtained in 1913 upon the creatine and potassium 
content of rabbit muscle after fasting and carbohydrate feeding 
are listed in Tables II and III. Since both fasting and carbo- 
hydrate feeding ultimately bring about a marked drop in creatine 
concentration, an excellent opportunity is afforded to compare 
any changes in potassium with those in creatine. As will be 


TABLE I 
Creatine, Phosphorus, and Potassium in Skeletal Muscle, Average Values 





Nest | i Pl Poser 
: . =~ rea- | rea- / 
Animal paeeee tine a a v7 a P K | th 
| retical) 
mg. per | mg. per | mg. per | mM per as aad mu per | 
¢. | 


100 gm. | 100 gm. | 100 gm. keg. kg. 


Guinea pigs. ...... 6 | 441 | 223 | 352 | 33.6 | 72.0 | 90.2) 134 
Humans, normal | 
cases...... 11 | 443 | 201 | 328 | 33.7 | 64.7 | 84.0 | 125 
Dogs... 3 | 451 | 229 | 356 | 34.4 | 73.9 91.1 | 132 
Rats...... 3 | 459 | 246 | 365 | 34.9 79.3 | 93.5 | 134 
Rabbits. . . 3 | 


499 | 244 | 368 | 38.1 | 78.7 | 94.3) 124 





* Theoretical, calculated on basis of K required to account for all the 
creatine in terms of the dipotassium salt of phosphocreatine. 


observed, there is a close correlation between creatine and potas- 
sium. It is of interest to note, however, that this is not a direct 
linear relationship. As the concentration of creatine becomes 
smaller, the ratio of creatine to potassium progressively decreases. 
This is due to a greater percentage decrease in creatine than in 
potassium. Such a shift argues strongly against tissue dilution 
as a major factor in the changes observed. 

If one assumes that the changes occurring in these muscles are 
the result of chemical changes within the cells, a possible ex- 
planation of the observed changes may be made. The extreme 
lability of phosphocreatine suggests that it would tend to change 
more readily than the more stable compounds of muscle. Its 
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breakdown would liberate 1 mole each of creatine and phosphorus 
and approximately 2 moles of potassium. If these were not re- 
synthesized into phosphocreatine or otherwise retained in in- 
diffusible combination, one might expect them to diffuse out of the 
muscle. After a period of time a new equilibrium would be es- 
tablished. In each unit of the original tissue there would then 
be 1 mole less of creatine and phosphorus and 2 moles less of 
potassium. 

If one averages the five cases in Tables II and III with the 
highest creatine content, average values of 44.1 and 107 mm of 


TABLE II 


Influence of Fasting on Creatine and Potassium Content of Rabbit Muscle, 
1913 Experiments 


| Potas- 





| Potas- 














Rabbit No.| Fasting | Creatine | ‘sium | Creatine | ‘Jium | 4 creatine (4 potassium 
days | 100 mn. 100 gm. = per kg. ma per kg. 
37 6 550 392 | 42.0 | 100.2 
41 7 | 573 | 473 | 43.7 | 120.8 
44 10 524 | 393 | 40.0 | 100.5 | 
24 11 | 380 | 364 | 29.0 | 93.2 | 15.1 | 42 
40 12 | 417 | 201 | 31.8 | 74.5 | 12.3 | 32.9 
38 15 | 492 | 347 | 37.6 | 888 | 65 | 18.6 
43 17 426 382 | 32.6 | 97.8 11.5 | 9.6 
42 | 19 | 357 | 383 | 27.3 | 85.3 | 168 | 23.1 
ee 402 | 334 | 30.7 | 85.5 | 13.4 21.9 
30 | +2 =| #361 | 258 | 27.6 | 66.0 | 16.5 41.4 
16 | 2 | 370 | 284 | 2.2 | 72.7 | 15.9 | 34.7 





creatine and phosphorus per kilo respectively are obtained. 
Using these values as a standard with which to compare the other 
cases with lower figures for creatine and potassium, one may 
calculate the relative decreases of the two substances as they are 
lost from the muscle. The figures in the last two columns of 
Tables II and III are the molecular differences between the 
creatine and potassium in each case and the mean of the five 
highest cases in the series. A similar series of values may be 
obtained if one used any other mean; for example, the lowest 
five cases or the mean of the entire group. It will be seen that 
the molecular decrease in creatine is accompanied by a greater 
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decrease in potassium which, in most of the cases, is about twice 
that of the creatine. If one takes the average creatine and 
potassium of the lowest five cases in the series, which average 
27.4 and 76.7 mm of creatine and potassium, respectively, per 
kilo, the average difference between this group and the highest 
group is 16.7 and 30.7 mm of creatine and potassium. This 
represents a loss of 1.84 moles of potassium per mole of creatine. 

If, on the other hand, one considers the possibility of simply 
removing part of the intracellular material, thereby increasing 
the relative amount of extracellular material (fat, connective 
tissue, and extracellular fluid), the result should then be a pro- 
portionate decrease in creatine and potassium. Since they are 


TaBLe III 


Influence of Carbohydrate Feeding on Creatine and Potassium Content of 
Rabbit Muscle, 1918 Experiments 

















l 
Rabbit No. oes . | Creatine a | Creatine | —_ 4 creatine |A potassium 
* . } —_——_ |—___ | a eee 
days 100 gm. 100 gm. mu per niles per kg. | 

6. | 4 | 643 | 309 | 49.1 | 102.0 

55 il 506 | 443 | 45.5 | 113.1 | 

# | 10 | 480 367 | 36.6 | 94.0 7.5 13.4 

& | 19 | 373 209 | 28.5 | 76.5 | 15.6 30.9 

53 24 367 355 28.0 | 90.9 | 16.1 16 5 

57 | 29 4s2 | 349 | 36.8 | 89.4 7.3 | 18.0 

4 | 53 | 339 | 269 | 25.9 | 68.8 | 18.2 | 38.6 








present in the ratio of 1 mm of creatine to 2.5 mM of potassiam, 
they should remain present in this ratio. Actually the ratio 
increases to nearly 1:3 in the lower cases. 

To determine what relationship, if any, exists between the 
acid-soluble phosphorus and creatine, a number of different types 
of muscles from several species of animals have been studied. 
Average figures for the different muscles and brain are shown in 
Table IV. To bring out the relative manner in which the phos- 
phorus shifts with respect to creatine, the average values for 
rabbit muscle have been taken as a point of reference and the 
differences between these values and those for the other tissues 
have been recorded. These values are designated in Table IV 
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as A creatine and A phosphorus. It will be seen that as the 
creatine content of the muscle decreases the total acid-soluble 
phosphorus also decreases, but at a slower percentage rate. This 
results in a decrease in the ratio of creatine to phosphorus. The 
molecular changes given in the last column of Table IV, however, 
show that there is actually a somewhat greater decrease in the 
number of moles of phosphorus than of creatine. 

The values for creatine and phosphorus have been plotted 
against one another in Fig. 1. The solid line indicates the trend 
of the figures and the dash line has been drawn from the point 


TaBLeE IV 
Creatine and Total Acid-Soluble Phosphorus of Different Muscles and Nervous 
Tissue 
No. of | Acid- | aif 
0. O | soluble | Cgatinn | 4 qe | __ 


Tissue | ame | Creatine tine P 





| | 


| mM per | mM per 





mg. per|mg.per| oy 
100 gm. | 100 gm. kg. kg. 

Rabbit, voluntary muscle..| 10 72 | 200 | 0.68 
Human “ “ ...) 8 | 4380 | 177 | 0.58 | 10.8] 7.5 
Dog, voluntary muscle...... 3 | 382 | 134 0.68 | 14.4 | 21.4 
“left ventricle......... | 3 | 289 | 116 | 0.59 | 21.6 | 27.0 
—— = | | 3 | 268 | 104 | 0.61 | 23.1 | 30.9 
Rabbit, heart........... | 10 244 | 113 | 0.51 | 25.0 | 28.0 
Human left ventricle. 8 220 | 120 0.43 | 26.8 | 25.8 
“cerebellum... . 25 | 161 | 71 | 0.54 | 31.3 | 41.8 
“* right ventricle.....| 8 156 | 85 | 0.44 | 31.7 | 37.1 
¢  cerebrum...... 25 113 | 60 0.45 | 35.6 | 45.3 
ee 6 93 45 | 0.49 | 36.5 | 50.1 








indicating the composition of rabbit muscle to the point of 0 
creatine, assuming that 1 mole of phosphorus is associated with 
1 mole of creatine. The dotted line through the origin represents 
the effect of dilution upon the system. With one exception 
(human voluntary muscle, which is only slightly outside) the 
points all lie within the area described by the dash and dotted 
lines. This is taken to indicate that in each case there are two 
factors operating: dilution of the intracellular phase and changes 
within the muscle cells themselves. Values lying close to the 
dotted line intersecting the origin differ from rabbit muscle 
chiefly as a result of differences in the amount of extracellular 
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material which makes up the bulk of the tissue. Those lying 
closer to the dash line, on the other hand, are interpreted as 
varying chiefly according to differences in the system concerned 
with phosphocreatine. We do not wish to infer that the changes 
in phosphorus and creatine represent an equal change in the 
phosphocreatine content of the tissues, but rather in the system 
directly concerned with the metabolism of this compound. We 
believe that the saturation level of creatine at any time must 
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Fic. 1. The relationship of creatine to total acid-soluble phosphorus in 
different tissues. The solid line represents the average trend of values; 
the dotted line, the effect of dilution on rabbit muscle; and the dash line 
the effect of removing 1 mole of P for each mole of creatine. Curve 1, 
rabbit, voluntary muscle; Curve 2, human voluntary muscle; Curve 3, 
dog, voluntary muscle; Curve 4, human left ventricle; Curve 5, human 
right ventricle; Curve 6, rabbit, heart; Curve 7, dog, left ventricle; Curve 
8, dog, right ventricle; Curve 9, dog, aorta; Curve 10, human cerebrum; 
Curve 11, human cerebellum. 


depend upon the rate of the processes involved in its formation 
as compared with the rate of its breakdown. In the dog, the 
concentration of creatine is approximately 29 mm per kilo in 
skeletal muscle and 22 mm in the heart, a difference of 7 mm 
between the two. The concentration of phosphocreatine! is 
approximately 13 and 5 mm per kilo for cardiac and skeletal 
muscle respectively, a difference of 8 mm. From these figures 


'Mangun, G. H., and Roberts, J. T., unpublished observations. 
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it would appear that the difference between the creatine and 
phosphocreatine of the two tissues is approximately the same. 
The acid-soluble phosphorus content of the two types of muscle 
differs by 5.6 mm in the three animals shown in Table IV. 


DISCUSSION 


The correlation between creatine and total acid-soluble phos- 
phorus has been shown to be approximately the same for widely 
differing muscles from the rabbit, dog, and human. Creatine 
and potassium have also been shown to be closely related in 
voluntary muscle from the same species and different species, 
However, when one attempts to correlate the creatine and potas- 
sium of voluntary muscle with that of other types, no relationship 
seems apparent. While the creatine content of cardiac muscle is 
only half that of skeletal muscle, the potassium differs only to a 
small extent. However, it is quite possible that this discrepancy 
may be in some way associated with the higher phospholipid 
content of heart muscle. If one assumes that each mole of phos- 
pholipid combines with 1 mole of potassium, the extra phos- 
pholipid would account for approximately 20 mm of the potassium 
present in the heart. After deduction of this amount from the 
potassium of the heart, the relationship of the remainder to the 
creatine and total acid-soluble phosphorus is about the same 
as in voluntary muscle. 

In other studies we have conducted upon the creatine, phos- 
phorus, and potassium content of the human heart in myocardial 
insufficiency (11) we have found that slightly more than 1 mole 
of phosphorus and slightly more than 2 moles of potassium are 
lost from the heart for each mole of creatine lest. In more recent 
unpublished studies we have found that adenylpyrophosphate 
also breaks down in the dog heart in late aortic insufficiency, 
probably accounting for the excess phosphorus and potassium 
lost. In view of the parallelism in the behavior of these three 
muscle constituents in the heart and skeletal muscle under such 
widely different conditions, it hardly seems likely that this 
molecular relationship is accidental. The possibility that relative 
rates of diffusion played a significant réle is minimized by the long 
duration of the experiments. The same is true of the human 
autopsy cases in which there is doubtless ample opportunity in 
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most cases for near equilibrium conditions before death intervenes. 
In late aortic insufficiency in the dog, for instance, there is no 
accumulation of inorganic phosphate as a result of the decomposi- 
tion of phosphocreatine and adenylpyrophosphate. The total 
acid-soluble phosphorus and total phosphorus decrease, and this 
ean be traced directly to an equivalent decrease in the phos- 
phocreatine and adenylpyrophosphate. 


SUMMARY 


Creatine and potassium are shown to vary together in voluntary 
muscle from the same species and different species. As creatine 
decreases or increases, the change is associated with a variation 
in potassium in the approximate ratio of 1 mole of creatine to 
2 moles of potassium, thus supporting the hypothesis that phos- 
phocreatine is present in the form of the dipotassium salt. 

A relationship is demonstrated between creatine and total 
acid-soluble phosphorus in different types of muscle and brain 
of a variety of species of mammals. 


BIBLIOGRAPHY 


. Fiske, C. H., and Subbarow, Y., Science, 65, 401 (1927). 

. Urano, F., Beitr. chem. Physiol. u. Path., 9, 104 (1906). 

. Myers, V. C., and Fine, M. S., J. Biol. Chem., 14, 9 (1913). 

. Myers, V. C., in Barker, L. F., Endocrinology and metabolism, New 
York and London, 3, 463 (1922). 


za owe 


5. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 81, 629 (1929). 

6. Myers, V. C., and Fine, M. 8., J. Biol. Chem., 16, 283, 305 (1913). 

7. Myers, V. C., J. Biol. Chem., 6, 115 (1909). 

8. Seecof, D. P., Linegar, C. R., and Myers, V. C., Arch. Int. Med., 63, 
574 (1934). 

9. Linegar, C. R., Frost, T. T., and Myers, V. C., Arch. Int. Med., 61, 430 
(1938). 


10. Mangun, G., and Myers, V. C., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem., 128, p. Ixiii (1939). 

ll. Mangun, G., and Myers, V. C., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem., 123, p. lxxix (1938). 


















THE UTILIZATION OF ACETONE BODIES 
Ill. THE INFLUENCE OF ADRENALECTOMY 


By NORTON NELSON,* ISABELLE GRAYMAN,f anv I. ARTHUR 
MIRSKY 


(From the May Institute for Medical Research of the Jewish Hospital, 
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That the adrenal gland plays a specific réle in fat metabolism 
has been suggested for many years (1). More recently this hy- 
pothesis received further support when Long and Lukens (2) re- 
ported that adrenalectomy produces a marked reduction in the 
acetone body excretion of the depancreatized cat. This observa- 
tion soon received ample confirmation by other investigators who 
found that adrenalectomy likewise reduced the excretion of acetone 
bodies, which follows phlorhizin intoxication (3), pregnancy (4), 
fasting (5), and the administration of extracts of the anterior 
pituitary gland (5,6). The general conclusion derived from these 
observations implied that adrenalectomy inhibits the formation of 
acetone bodies and hence that the adrenal plays an essential rédle 
in fat catabolism. 

The observation by MacKay and Barnes (5) that the adrenalec- 
tomized rat may develop a ketonemia after the administration 
of an extract of the anterior pituitary gland suggested to us that 
the adrenal glands may not be essential to ketogenesis. Conse- 
quently we studied simultaneously the blood and urine acetone 
body content of normal and adrenalectomized rats treated with an 
extract of the anterior pituitary gland. We found that whereas 
the acetone body excretion consequent to the administration of 
the extract was markedly decreased in the adrenalectomized rats, 
the blood acetone body level did not vary significantly from that 
of the pituitary-treated normal rats (7). From this it was con- 
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cluded that adrenalectomy impairs the function of the kidneys in 
such a manner as to increase the threshold for the excretion of 
acetone bodies. The subsequent reports by Shipley and Long (8), 
Neufeld and Collip (9), and MacKay and Wick (10) support this 
conclusion and indicate that acetonuria per se cannot be accepted 
as a criterion of acetone body formation (ketogenesis) or acetone 
body utilization (ketolysis). 

Although the studies mentioned above (8-10) indicate that the 
adrenals are not essential for ketogenesis, they do not eliminate 
the possibility that the adrenals may play some réle in either or 
both ketogenesis and ketolysis. Therefore it became of interest 
to investigate this question further by some precise procedure. 

In the present study we have concerned ourselves with the 
influence of adrenalectomy on acetone body utilization. In order 
to eliminate the possible influence of spontaneous ketogenesis, 
it was necessary to study conditions under which acetone body 
formation was at a minimum. This can be achieved by studying 
animals which have received an injection of glucose, for under 
such conditions endogenous ketogenesis is negligible (11, 12). 

In order to obviate the effects of absorption, diffusion, and vari- 
able rates of excretion, we studied the disappearance of intra- 
venously administered acetone bodies (§-hydroxybutyrate) from 
the whole bodies of fed, glucose-treated rats. The amount utilized 
by an animal was computed by determining the difference between 
the amount of acetone bodies injected and that found in the animal 
after a definite interval of time. 


EXPERIMENTAL 


This study was carried out with female rats from our stock 
colony which were kept on a stock diet! until a few minutes before 
the beginning of the experiment and which then received an intra- 
peritoneal injection of glucose (100 mg. per 100 gm. of body 
weight). The animals were divided into two groups, in one of 
which the rats were operated upon 2 days previously under ether 
anesthesia and the adrenals removed and, in the other, only peri- 
renal fat was removed. All animals after operation were given 
saline ad libitum. 
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Within 40 minutes after the administration of glucose, the rats 
were given an intravenous injection of synthetic sodium 8-hydrox- 
ybutyrate and were immediately placed in individual 1 liter 
beakers. The dosage of the 6-hydroxybutyrate was kept between 
8 and 9 mo per kilo of body weight and was injected by means of 
a tuberculin syringe. 

In order to correct for the initial content of acetone bodies 
analyses were made on groups of glucose-treated adrenalectomized 
rats and rats with the mock operation, receiving no 6-hydroxy- 
butyrate. 


TaBLe I 

Effect of Adrenalectomy on Utilization of 8-Hydroxybutyric Acid in Fed 
Female Rats 

Corrected for initial content: adrenalectomized rats = 0.07 mm per kilo, 

rats with mock operation = 0. 02 mM per kilo. 














wes 
§-Hydroxy-| bodies | Acetone bod Reliabilit 
Tid animals in oooh) butyrate Ly! ter = utilisation em er 
injection ae eRe 
| mat per. rene mM per ky. 
nena hllaadli 9.05 | 2.67 | 6.38 (0.08)f | 8.7 
Adrenalectomy.. --se| 8.83 | 3.35 | 4-98 (+0. 137) | 





* Reliability of difference = (difference of ‘ania weetien'é error of 
difference). Standard error of difference = +/(s.z.M.,)? + (s.B.M.:)*. 
t Standard error of the mean, s.e.m. = »/(Zd*/n)//n 








At the completion of the experimental period of 40 minutes, the 
animals were killed by a blow on the back of the neck and the 
carcass was then ground up thoroughly in an ordinary meat 
grinder, the excreta in the beaker being thoroughly mixed with the 
ground tissue. Extracts of the ground rats plus excreta were 
prepared and their total acetone body content determined by the 
procedures outlined in previous reports (11, 12). 

The pertinent data obtained by the above procedures are sum- 
marized in Table I. As in our previous studies (11, 12), only ¢ 
negligible amounts of acetone bodies were found in the glucose- 
treated rats, which indicates that spontaneous ketogenesis is at a 
minimum even in the adrenalectomized animals. 

The utilization of acetone bodies is markedly depressed in the 
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adrenalectomized animals, as compared with the rats with the 
mock operation. Thus the rate of utilization of the adrenalec- 
tomized rats for the 40 minute interval is 1.40 mm per kilo of body 
weight slower than that of the group with the mock operation. 
This difference is statistically reliable, as indicated by the relia- 
bility of difference of 8.7. 


DISCUSSION 


In view of the preceding we can now state that following the 
administration of a ketogenic stimulus, the adrenalectomized rat, 
as compared to the normal, will show (a) a normal ketonemic re- 
sponse (7, 8, 10), (6) a diminished ketonuria (7-10), and (ce) a 
diminished rate of acetone body utilization (Table I). The blood 
level of acetone bodies is dependent upon the difference between 
their rate of formation and their rate of excretion and destruction. 
Since the latter two are definitely diminished in the adrenalecto- 
mized animal, while the blood level is relatively unaffected, it 
becomes obvious that a similar decrease in the rate of acetone body 
formation must also occur. In other words, ketogenesis must 
definitely be diminished by adrenalectomy. 

Of all the factors which have been studied with reference to 
their influence on acetone body utilization by the muscles, only one 
has been shown to be effective; viz., the metabolic rate. Thus it 
has been demonstrated that the administration of thyroxine and 
the consequent increase in metabolic rate are associated with a 
definite increase in the rate of acetone body utilization (13), 
whereas neither insulin nor glucose is similarly effective. Hence 
the converse is not improbable and any mechanism which will 
reduce the metabolic rate will be associated with a reduction in 
the rate of acetone body utilization. If that be the case, it is 
probable that the removal of the adrenals results in a decreased 
acetone body utilization in virtue of the general decrease in meta- 
bolic activity that ensues (14). Likewise it is probable that the 
reduced metabolism associated with adrenalectomy may produce 
a decrease in the rate of ketogenesis in spite of the fact that the 
adrenals per se are not essential for acetone body formation. 


SUMMARY 


Adrenalectomy produces a marked reduction in the rate of 
acetone body utilization. 
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It is probable that a similar reduction in the rate of acetone 


body formation occurs. 


It is suggested that these changes are due to a general decrease 


in metabolic activity consequent to adrenalectomy. 


one 


_— — 


12. 


13. 
14. 
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THE ULTRAVIOLET ABSORPTION SPECTRUM OF 
PROLACTIN* 
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(Received for publication, December 2, 1939) 


Of the various hormones which have been suggested to be con- 
stituents of anterior pituitary gland extracts, prolactin is the 
first of these physiologically active substances to have been pre- 
pared in a highly purified form. The excellent method of Lyons 
(1) yields an amorphous product of high lactogenic potency, and 
other methods for the isolation of highly active prolactin prepara- 
tions have been described (2). In a preliminary report, White, 
Catchpole, and Long (3) have reported the isolation of a crystal- 
line protein with high lactogenic activity from highly purified, 
amorphous products prepared from beef pituitary glands accord- 
ing to the procedure described by Lyons. The constancy of the 
physiological activity after several recrystallizations and the 
data obtained from a study of the x-ray diffraction pattern led to 
the preliminary suggestion that the crystalline protein is identical 
with the lactogenic hormone of the anterior pituitary gland. 

Although the crystallization procedure which has been described 
(3) has not repeatedly given crystalline preparations, and although 
the yields of the crystalline protein are unsatisfactorily small, a 
sufficient quantity of the material has been obtained to permit the 
initiation of experiments designed to characterize thoroughly 
the physical and chemical properties of prolactin.! Efforts are 


* This investigation was aided by grants (to A. W.) from the Committee 
on Therapeutic Research, Council on Chemistry and Pharmacy, American 
Medical Association, and the Fluid Research Fund of Yale University 
School of Medicine. 

1It may be mentioned here that the preliminary data reported for the 
elemental composition of crystalline prolactin (3, 4) have been found to 
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being made to develop a more satisfactory method of crystalliza- 
tion which will readily yield larger quantities of the crystalline 
hormone. 

It is not necessary here to review the evidence which indicates 
that prolactin is a protein, inasmuch as this has been adequately 
considered (5). The acceptance of the view that the highly puri- 
fied and the crystalline protein preparations are identical with the 
lactogenic hormone makes available the many tools of protein 
chemistry for the study of this hormone. The electrical mobility 
and homogeneity of crystalline prolactin, as measured in the 
Tiselius apparatus, have been reported (6). The present com- 
munication gives the data obtained in a study of the ultraviolet 
absorption spectrum of prolactin. 


EXPERIMENTAL 


Two prolactin preparations have been employed in this study, 
a crystalline product and a highly purified, amorphous prepara- 
tion? made from beef pituitary glands by the method of Lyons (1). 
All the solutions were photographed at room temperature in 
aqueous medium at pH 7.4. The solutions were prepared by 
suspension of the prolactin in water, followed by the addition of 
an adequate amount of 0.1 N sodium hydroxide to effect solution. 
0.1 N hydrochloric acid was then carefully added until the pH 
was adjusted to 7.4. The absorption curve was measured with 
the aid of a Spekker spectrophotometer and a small Hilger quartz 
spectrograph, with a tungsten steel spark as the light source. 
Measurements were also made with the continuous light of the 
hydrogen discharge tube in order to detect the presence of narrow 
bands. 

Results 


In Fig. 1 are plotted the absorption spectrum curves of crystal- 
line prolactin and of a highly purified amorphous preparation. 





differ somewhat from subsequent analyses which have been conducted on 
other crystalline prolactin preparations. These data will be discussed in 
a future publication. 

? The crystalline prolactin had a minimal effective dose of 0.06 y when 
bioassayed by the 2 day “‘local’’ test method of Lyons and Page (7). With 
the same method of determining physiological potency, the highly purified, 
amorphous preparation was effective in dose levels of 0.1 +. 
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It can be seen that the values of the absorption coefficients of the 
erystalline material are greater than those of the amorphous 
preparation. The positions of maxima and minima are about the 
same. The curve is typical of those found for a number of pro- 
teins, particularly those from animal tissue (8). The broad band 
with the maximum at about 2800 A. is to be attributed to the 
combined absorption of the amino acids, tryptophane, tyrosine, 
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Fie. 1. Absorption curves of solutions of prolactin. Curve CP repre- 
sents crystalline prolactin; Curve P was obtained with highly purified 
amorphous prolactin. pH 7.4. a = extinction coefficient, a = 1/el 
log J,/I, ¢ = concentration (2.5 mg. per cc. in the case of Curve P, 1.6 mg. 
per ec. in the case of Curve CP), / = cell thickness in em. (1 em.), Jo = 
initial intensity of light, J = intensity after passing through thickness l. 


and phenylalanine, all of which have been demonstrated to be 
constituents of prolactin (5).* 

When the absorption spectrum of prolactin is obtained with 
the continuous light source, a series of narrow bands is found. 
The bands have been read from the plates and plotted in Fig. 2. 
Although this latter method of illustration does not indicate the 
relative intensity of the bands, it can be used to indicate their 


* White, A., and Bonsnes, R. W., unpublished data. 
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approximate position and to give some idea of their structure, 
For comparison purposes the narrow band spectrum of pepsin 
is also shown in Fig. 2. 

The present interpretation of these bands is based upon results 
obtained from previous studies of the narrow band ultraviolet 
absorption spectra of other proteins (8, 9). The band at 2900 A. 
is due to tryptophane, the one at about 2820 A. is due to tyrosine, 
and those in the region of 2520 to 2680 A. are due to phenyl- 
alanine. 

In the case of prolactin, it can be seen that the phenylalanine 
bands are about the same as those found in pepsin and this also 
seems to be true for the tryptophane band; the absorption in the 
tyrosine region seems to be different from that found for pepsin 
in that the “tyrosine” band is apparently widened. 


4. Gee OH 8S 8TH 
! ! ! UJ | i q ! qT qT T T | 1 i . 
a: 
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Fic. 2. Drawings of absorption spectra obtained with the continuous 
light source. a, crystalline prolactin; b, prolactin hydrolysate; c, pepsin. 
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As in the case of pepsin the tryptophane band is the most dis- 
tinct when the plates are examined. The absorption in the 
tyrosine region is diffuse so as to make difficult the recognition of 
all of the band structure. The bands in the phenylalanine region 
are also quite diffuse. It was thought at first that these bands 
were not exactly like those given by pure phenylalanine in solu- 
tion. However, owing to the diffuse nature of the bands, it is 
difficult to be certain of this at present. 

In view of the diffuse absorption in the tyrosine region, it was 
desirable to obtain further evidence for the presence of tyrosine 
in prolactin. 50 mg. of crystalline prolactin were hydrolyzed by 
boiling under a reflux condenser for 18 hours with 20 per cent 
hydrochloric acid.t This hydrolysate following suitable dilution 


‘ Suggested by Dr. J. 8S. Fruton, to whom grateful acknowledgment is 
made. 
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was photographed, the continuous light source being used. The 
bands obtained were similar to those given by a synthetic mixture 
of tyrosine and phenylalanine. A drawing of these bands is 
shown in Fig. 2, and it can be seen that, as would be expected, the 
tryptophane band has disappeared. The phenylalanine bands 
given by the hydrolysate appear to be more distinct than those 
found in the intact protein; in addition, there is a slight shift in 
position toward the shorter wave-length region of the spectrum. 


SUMMARY 


The ultraviolet absorption spectrum of prolactin has been meas- 
ured and has been found to have a band with the maximum of 
absorption at about 2800 A. 

Photographs taken with the continuous light source of the hy- 
drogen discharge tube show the presence of narrow bands. An 
interpretation of these bands has been proposed. 
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Under resting conditions—that is, when metabolism is reduced 
to a minimum by chilling—previous experiments have indicated 
that sodium, potassium, inorganic phosphorus, and phosphate 
esters will not traverse the membrane of the red blood cell even 
when the concentrations of water, sodium, potassium, or inorganic 
phosphate in the serum are greatly altered (1-3). However, 
when the metabolic processes in the red blood cells are activated 
by heating the cells to 37°, inorganic phosphorus may be made to 
pass in either direction across the cellular membranes (2,3). Two 
explanations for the difference in the behavior of the active and 
resting cells present themselves. The permeability of the red 
blood cell membrane may vary with the metabolic processes. On 
the other hand it is possible that in the resting cell sodium, potas- 
sium, and phosphate are restrained by combination in undisso- 
ciable or non-diffusible form with substances of such large 
molecular size that they cannot penetrate the membrane and that 
these are broken down in the reactions involved in the metabolic 
processes of the cells. In an effort to determine the relative im- 
portance of physical and chemical restraints in the segregation of 
the chemical components within the cell, the passage of sodium, 
potassium, and phosphate of hemolyzed blood across an artificial 
membrane was compared with their movements across the intact 


* This work was aided by a grant from the Fluid Research Fund of Yale 
University School of Medicine. 
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cell membrane. Such studies have been made before and have 
seemed to indicate that all the inorganic components of hemolyzed 
blood are freely diffusible and behave in accordance with the physi- 
cochemical laws that would govern the distribution of active ions 
between two fluid phases, one of which contained protein in high 
concentration. In these experiments, however, no attempt has 
been made to preserve the vitality of the blood. 

The experiments to be reported may be divided into four groups. 
The first deals with the effect of hemolysis on the glucose and phos- 
phorus of blood. The second treats of the ultrafiltration at 7° 
and at 37° of blood which has been hemolyzed by repeated 
freezing; the third of the ultrafiltration at 7° of blood hemolyzed 
by the addition of saponin. The last is concerned with the pas- 
sage of sodium, potassium, and phosphorus across the membranes 
of intact red blood cells at 7° and 37°. 


Methods 


Venous blood drawn from non-fasting subjects was defibrinated 
by stirring with a glass rod and hemolyzed by repeated freezing 
or by addition of saponin. 

Hemolysis by freezing was accomplished by lowering stoppered 
Pyrex tubes containing 4 or 5 cc. of blood into a thermos bottle 
which contained liquid air, where they were held until the blood 
was solidified. The tubes were then withdrawn and placed in 
water at room temperature until the blood had again become 
fluid. This process was repeated until hemolysis was sufficiently 
advanced. Later it was found that ethylene glycol monomethyl 
ether (commercially known as Cellosolve), cooled to about —78° 
by the addition of solid carbon dioxide, was a more convenient 
and efficient freezing medium than liquid air. The progress of 
hemolysis was followed by repeated blood counts. The red cell 
count dropped rapidly at first, but with diminishing rapidity in 
successive freezings (see Fig. 1). At least twenty freezings were 
required to reduce the count to 200,000 per c.mm. Since no 
bloods with original counts of less than 4 million cells were used, 
this means that at most only 5 per cent of the cells remained 
intact. This proportion of cells would contain a maximum of 
0.5 mo of acid-soluble phosphorus and 2 mM of potassium (4, 5). 
The error that might be introduced by the restraint of such small 
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quantities of these substances did not warrant repeating the 
freezings further. 

Hemolysis by Saponin—Since the quantity of saponin needed 
to hemolyze blood was not known, successive small amounts of 
the glucoside were added to blood until no intact cells could be 
detected under the microscope. It was found that complete 
hemolysis could be secured within 5 minutes by the addition to 
each cc. of blood of approximately 4 mg. of saponin. 
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Namber of freezings 


Fie. 1. The rate of destruction of red cells in blood hemolyzed by 
freezing. 


Ultrafiltration—The hemolyzed blood was filtered under posi- 
tive pressure through cellophane by the method described by 
Lavietes (6). 

Controls—Samples of hemolyzed blood and of whole blood were 
allowed to stand beside each filter to serve as controls. At the 
end of the period these controls as well as the ultrafiltrate were 
subjected to chemical analysis. 


Analytical Procedures 


Analyses for potassium and sodium were made by the methods 
of Hald (7). 

Both acid-soluble and inorganic phosphorus were determined 
by a micro modification of the method of Fiske and Subbarow (8). 
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1 ec. of blood or serum was introduced slowly, with constant 
agitation, into 6 cc. of 10 per cent trichloroacetic acid to which 
about 150 mg. of kaolin had been added. The mixture was then 
centrifuged. The kaolin was used to remove lipoid materials 
which sometimes cause filtrates of this concentration to become 
cloudy. The kaolin effectually eliminated this source of difficulty 
and, as careful controls demonstrated, did not interfere with the 
measurement of phosphorus. Ultrafiltrates were also diluted with 
6 parts of trichloroacetic acid in order that the concentration of 
acid in all analytical mixtures might be approximately the same. 

For the determination of inorganic phosphorus 0.5 cc. of dis- 
tilled water, 0.2 cc. of 3 N H,SO,, and 0.2 cc. of 2.5 per cent aqueous 
ammonium molybdate were added to 1 cc. of protein-free super- 
natant liquid or diluted ultrafiltrate. Color was developed by the 
introduction of 0.1 cc. of aminonaphtholsulfonic acid solution. 
The standard was treated in the same manner except that 5 n 
H.SO, was used instead of 3 Nn. 

For the determination of acid-soluble phosphorus in whole 
blood 1 cc. of protein-free supernatant fluid was ashed with 1 ce. 
of 10 Nn H.SO, and a few drops of concentrated HNO;. The ash 
was then transferred quantitatively to a 10 cc. volumetric flask 
and diluted to the mark with water. In the case of serum and 
ultrafiltrate ashing was carried out with 0.55 cc. of 4 N H,SO, and 
the ash was transferred to a 2.2 cc. volumetric flask. Each ce. 
of diluted ash, therefore, finally contained the same quantity of 
acid. To a1 cc. aliquot of the diluted ash were added 0.7 ce. of 
water and 0.2 cc. of 2.5 per cent aqueous ammonium molybdate. 
Color was developed by the addition of 0.1 ec. of aminonaph- 
tholsulfonic acid. The standard was treated just as was the 
standard for inorganic phosphorus. The error of this method 
does not exceed +3 per cent. 

Glucose was determined by a micro modification of the method 
of Benedict (9) applied to Somogyi filtrates (10). 


Results 


Effect of Hemolysis on Glucose and Phosphorus Concentration of 
Whole Blood—Samples of hemolyzed blood were allowed to stand 
for several hours at 37° and 7°. As controls portions of the 
original blood were kept at the same temperatures. At varying 














@22ece 5 








SS Uwe rt‘? 


EEO 








Solomon, Hald, and Peters 727 


times all of these samples were analyzed for glucose and inorganic 


phosphorus. 
Hemolysis, whether brought about by freezing or by treatment 


with saponin, tended to retard glycolysis at 37°. In one experi- 


TaBLe I 


Glucose and Phosphorus Concentration of Blood, Hemolyzed by Freezing and 
with Saponin after Varying Time Intervals at 7° and 37° 


All values are in mg. per cent. 








Control I* | Control IIt Hemolyzed with 
° | 
: | ee Pe ee te Gaponin at | Saponts et | Liquid als 
£ | ture Glu- ganic Glu- ganic ake a aiaaaae 
% | omy P| | P| ctu. | Bor | Gu. | Inet} Gig. | Inor- 
ganic ganic 
Fs] | edt JE Bees bia 
| © Ars 
1| 23 | 2/ 78 82 
| 37 | 2 | 6 78 
37/17 | 0 0 
II} 23 ; 2.7 2.6 
4 ; 2.3 2.7 
| 37 | 7 | 62 | (56 | | 83 80 | 
| 87 | 17 | 0 / 17.7) 0 | 34 | 13.6, 30) 13.6 
Il; 23 Of) 2.5 2.6) 2.7 
7 | 3 | 8 | 2.7 | 100 2.6 
| 7 |15 | 7 | 3.3 98 | 4.3 | 
| 37 | 8 | 8 | 4.2 88 | 5.3) 89 | 
| 37 | 15 | 42 | 10.5) 98 | 12.0) 78 | 8.7 
IV| 23 | O¢| 52 | 3.5) 65 | 3.2 59 3.8 59 | 3.7 
| 7 |15 | 52 | 4.2) 51 | 3.0 59 4.4 56 | 5.3 
| 37 | 3 | 23 | 5.3} 23] 48 68 | 8.0 45 | 10.7 
| 87 | 8 | 0 | 13.1) 0 | 13.8 46 | 16.2 50 | 13.6 
37 | 20 20.4 20.3 0) 18.8 0 | 17.3 





* At 23° while blood was hemolyzed. 
t At 4° while blood was hemolyzed. 
t Immediately after hemolysis. 


ment (Experiment III, Table I) the concentration of glucose in 
the hemolyzed blood remained unchanged. However, for the 
same reason glycolysis was not complete in the control blood, 
since glucose still remained after 15 hours at 37°. As was to be 
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expected, at 7° glycolysis was inhibited both in the hemolyzed 
blood and in the controls. 

The inorganic phosphorus rose slightly, but definitely, immedi- 
ately after hemolysis. It increased markedly in both hemolyzed 
and control bloods after standing at 37°. At 7° after 15 hours 
there was sometimes a small change in the controls, while in the 
hemolyzed samples there was a more definite and consistent rise, 

In these experiments at least 2 hours were required to bring 
about hemolysis by freezing. Hemolysis with saponin consumed 
about half an hour, because repeated small quantities were added. 
Therefore, in order to determine the effect of varying time and 
temperature two control samples were set up. One sample of 
whole blood was kept at room temperature; the other stood in 
ice (Experiments II and IV, Table 1). In one experiment (Experi- 
ment II) hemolysis with saponin was brought about at 23° and 
at 4°. All of these variations had little effect on the behavior of 
glucose and inorganic phosphorus. 

Ultrafiltration of Blood Hemolyzed by Freezing—Freshly drawn 
blood was defibrinated and divided into two portions. One 
portion was kept as whole blood; the other was hemolyzed by 
freezing. As soon as hemolysis was complete, both portions were 
analyzed for inorganic phosphorus. In addition the whole blood 
was analyzed for acid-soluble phosphorus, potassium, and in 
some instances sodium. Samples of the hemolyzed blood were 
placed in two filters and allowed to stand at temperatures either 
of 7° or 37°. Tubes containing both whole blood and hemolyzed 
blood were placed beside the filters to serve as controls. After 18 
hours the ultrafiltrate was removed and analyzed for inorganic and 
acid-soluble phosphorus, potassium, and sodium, while the con- 
trols were analyzed for inorganic phosphorus. The results of these 
analyses are presented in Table II. 

Substrate was not analyzed directly, because its high viscosity 
made measurement almost impossible. It was assumed that 
hydrolysis of phosphate esters would be the same in the substrate 
as in the hemolyzed blood control. It was feared that lipoid 
phosphorus or protein phosphorus might possibly be liberated in 
the hemolyzed blood. However, three control experiments 
proved conclusively that total acid-soluble phosphorus remained 
unchanged under the conditions of these experiments. The 
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Taste II 
l ltrafiltration of Hemolyzed Blood 
Cone ood per liter § Concentention per kilo 
TT dll R 
: Initial | After 18 hrs. aT 
= Solute 
- 
i ot FA ae i Sak | gy, | Unum 
/2/3/48/ @ #8 
rs] | 5 a | Sig 1 ft 
Blood hemoly zed by freezing; filtered at 7 
mu | mw | mw | mm | ce. | mM mM 
I | Inorganic P | 1.08) 1.38 2.5 2.46 
Organic P 8.30 1.15 
«K 39.10 53.6 | 24.2/ 0.450 
II jaeatpale F | 1.14 1.161.17 |2.20 3.0 | 2.83 2.36 0.833 
| Organic P 16. 89 16.69 | | 23.90) 0.46) 0.019 
K 34.39 | 47.80 21.90, 0.458 
III | Inorganic P | 0.75| 0.880.75 |2.21 3.0 | “296 2.10/ 0.710 
Organic P /12.68.11.70 | | | 
‘K 40.444 | | 52.4 | 42.34, 0.808 
Na 77.50 | | 98.0 | 91.30, 0.932 
IV | Inorganic P | 0.71) 1.360.74 2 62 3.0) 3.40 2.72) 0.801 
Organic P | 8.37 | 9.52) 1.23) 0.129 
K 37.1 | 46.3 | 46.8| 1.010 
Na | {78.7 | 102.5 | 79.0| 0.770 
Blood hemoly red by freezing; filtered at 37° 
Vv | Ineuganie P | 0.99 1.185.65 5.81 2.0. 7.55| 5.30 0.702 
| Organic P 8.57 4.78 4.07, 0.852 
iN 36.7 | 47.5 | 34.5 | 0.726 
Na 81.4 | | (100.0 1116.7 | 1.167 
VI | Inorganic P | 0.83 | 7.17] 5.33] 0.743 
Organic P (11.26 | | 8.17) 8.24 1.007 
VII | Inorganic P | 0.75) 1.666.50 6.50 2.0 | 8.44 5.87 0.696 
| Organic P 7.68) 6.00, 6.43) 1.070 
‘K 41.5 54.3 40.3) 0.742 
Na 79.0 | | 97.1 110.6 | 1.140 
~ Blood hemolyzed by saponin; filtered at ” 

VIII | Shenginte P | 0.60 0.710.62 1. 34 0.75 1. 70 1. 56 0.920 
Organic P| 4.86 boy fed 16, 5.57) 1.078 
K 33.56) | M42 | 7.84 0.177 
| Na 91.20 (114.5 [122.5 | 1.070 
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TaBLeE II—Concluded 























| Concentration per liter g Concentration per kilo 
blood R water 
g Initial | After 18hrs, | 2 | 
~ Solute - — — 3 | | | 
F i 3 Z| E | sub | vier | Ultrafitrate 
&£ 3 2 3 2 a | strate® | Gitrate | Substrate 
f |2\/8|2)| 8 \2 | cated 
Reems SE 1 ee i 
Blood hemolyzed by saponin; filtered at 7°—Concluded 
; gwar | mar | mar | mar | cc. | mar | mar a 
IX | Inorganic P | 0.70 0.921.3573.247 1.25 1.97 
Organic P 6.01 | 
K 46.1 | 57.5 | 58.9 | 1.023 
| Na 70.8 89.1 | 84.1 0.943 
X | Inorganic P | 0.83 0.980.75 2.76 1.0 3.46 3.08 0.890 
4.41) 3.36 0.763 


| Organic P 5.98 
XK 37.7 48.2 31.9} 0.662 
Na 95.8 120.2 108.0 | 0.900 


* These values in this column were calculated as described in the text; 


all others were directly measured. 
t Blood stood 18 hours at 23°. 


concentration of each constituent in the substrate was estimated 
by subtracting from the total amount of this substance originally 
in the blood the amount which had passed into the filtrate and 
dividing the residue by the volume of substrate that remained. 
These estimates are not exact, because measurements of volume 
could only be approximated. The ultrafilters, which were filled 
to capacity each time, were supposed to contain 20 ce. Actually 
some of them may have held as little as 17 cc. In every experi- 
ment as much ultrafiltrate as possible was removed for analysis. 
The total volume of ultrafiltrate was assumed to be equal to the 
sums of the volumes taken for analysis plus 0.5 cc. to account for 
the amounts lost in wetting pipettes and containers and left in the 
ultrafilter. Recovery tests indicate that these estimations may be 
too great by 0.2 cc. 

To learn whether solutes are freely ultrafiltrable, it is necessary 
to compare concentrations per unit of water rather than concen- 
trations per unit of volume. To estimate the proportions of water 
in substrate and ultrafiltrate, it was assumed that each sample 
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of blood originally contained 80 per cent and the ultrafiltrate 100 
per cent of water. 

The final concentrations of solutes in the water of substrate and 
ultrafiltrate and their distribution ratios are included in Table II. 
It is appreciated that quantitative deductions based on such 
rough measurements and so many assumptions must be made with 
caution. However, they do permit comparison of the relative 
filtrability of the various solutes at least. 

Except for the initial burst immediately resulting from hemolysis 
inorganic phosphate remained unchanged in hemolyzed blood 
kept at 7°, but increased at the expense of organic phosphate esters 
at 37°. If it is assumed that hydrolysis proceeded at the same 
rate in substrate as it did in the control hemolyzed blood, the final 
concentration of inorganic phosphate was greater in substrate 
than filtrate. Since the Gibbs-Donnan equilibrium requires that 
the concentration in filtrate be higher and the cellophane mem- 
brane is quite permeable to the phosphate ion, this indicates that a 
certain proportion of the inorganic phosphate is restrained by some 
force other than the membrane or the Donnan equilibrium. The 
divergence from theory (more than 30 per cent) is so great that it 
ean hardly be attributed to errors of analysis and measurement. 
Moreover it is quite as great in the 37° as in the 7° experiments, 
although in the former inorganic phosphorus concentrations are 
greatly increased. 

At 7° the organic acid-soluble phosphorus of blood hemolyzed 
by freezing remains practically unchanged. Furthermore, 
although the esters of which this fraction of phosphorus is supposed 
to be composed are of relatively small molecular size and should 
be freely diffusible, only negligible quantities escaped with the 
ultrafiltrate. In this case the disparity of distribution is unequiv- 
ocal. There cannot be a shadow of doubt that most, if not all, 
the phosphate esters are restrained, and it is hard to conceive of 
any restraining force of this magnitude other than combination 
with compounds of such large molecular size that they cannot 
traverse the membrane. When the blood is incubated, a large 
proportion of the organic phosphate is hydrolyzed, At the same 
time the remainder becomes ultrafiltrable, as if hydrolysis, under 
the influence of incubation, was accompanied by rupture of the 
combinations by which the organic phosphates were held at 7°. 
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The average distribution ratios of potassium, 0.682 and 0.734 at 
7° and 37° respectively, are of the order of magnitude to be ex- 
pected if the distribution were determined by the Gibbs-Donnan 
equilibrium in both sets of experiments. The variation of the 
ratios at 7° is, however, so great that it is somewhat dangerous 
to average them. 

There can be no doubt, on the other hand, that sodium and 
potassium behave differently. In no instance are their distribu- 
tion ratios the same. At 7° the concentration of sodium is higher 
in substrate than ultrafiltrate; at 37° the relation is, if anything, 
reversed. It is uncertain how much significance should be at- 
tached to this apparent departure from theory. It may be that 
this element, at 37°, distributes itself evenly throughout the water 
of both media without restraint. There can be no doubt, however, 
that it is not governed by the Gibbs-Donnan equilibrium and, 
therefore, probably is not combined with protein. Unlike potas- 
sium and organic phosphate, the major proportion of sodium in the 
filters was not derived from the cells, but from the serum of the 
blood. Not more than about 10 mm per liter of the sodium in 


each experiment originated in the cells. The total change of. 


sodium in the incubator could, therefore, be accounted for if the 
cellular sodium were, like the cellular organic phosphate, com- 
pletely unfiltrable at 7°, while the sodium of the serum was entirely 
free, and if incubation broke down the restraints by which cel- 
lular sodium was held, reducing it to the state of the serum sodium. 

Until the experiments are reviewed by quantitatively more 
accurate methods, such explanations are merely speculative; but 
the differences in behavior of potassium and sodium belong in the 
realm of fact. 

Ultrafiltration of Blood Hemolyzed with Saponin—The technique 
of the experiments in which blood was hemolyzed with saponin 
(Table II) followed closely the procedure described for the freezing 


experiments. Filtration was carried out only at 7°, because at. 


37° saponinized blood became so viscous that it would not yield 
enough filtrate for even a single analysis. Even at 7°, in order 
to obtain enough filtrate it was necessary to use four filters with 
approximately 10 cc. of hemolyzed blood in each. 

In general the distribution of solutes resembles that of frozen 
blood ultrafiltered at 37°. It will be noted also that in saponin- 
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treated blood, although organic phosphate esters are preserved 
quite as completely as they are in frozen blood at 7°, they diffuse 
across the membrane as freely as they do in the frozen blood only 
at 37°. Sodium again is more evenly distributed than potassium, 
with ratios so near 1.0 as to give the impression that it filters with- 
out restraint. Again the distribution of potassium is extremely 
variable, averaging about what the Gibbs-Donnan equilibrium 
would predict. The variations seem altogether too large, how- 
ever, to be attributed to analytical errors. Moreover, in every 
instance sodium was measured on filtrates of the samples from 
which potassium had been precipitated, and the sodium ratios are 
highly consistent. 

Permeability of Red Cell Membrane to Sodium, Potassium, and 
Phosphorus at 7° and 37°—Freshly drawn whole blood, after 
defibrination, was divided into three portions. From the first, 
serum was separated at once and stored in the refrigerator. The 
other two portions of whole blood were allowed to stand for 18 
hours at 7° and 37° respectively. Serum was then separated from 
both. These and the original serum were then analyzed for 
protein, potassium, sodium, and inorganic and acid-soluble phos- 
phorus. The results-of these analyses are presented in Table III. 

The close agreement of the proteins at the beginning and end 
of each experiment shows that at 7° transfers of water were not 
appreciable. Both inorganic and organic acid-soluble phosphorus 
also remained unchanged. Potassium and sodium, however, 
seem to have crossed the cell membrane in opposite directions and 
in nearly equivalent amounts. The exchanges in Experiments 
III and IV are unmistakably large. While they are not so striking 
in Experiments I and II, they are nevertheless consistent in 
direction and equivalence. In previous experiments, referred to 
above (1, 2), these exchanges were not discovered for certain 
reasons. First of all, the blood was allowed to stand only until 
equilibrium had been attained, not 18 hours as it was in the pres- 
ent experiments. Secondly it was analyzed only for total base 
or for sodium. The exchanges here presented would, of course, 
have escaped detection by total base analyses because the trans- 
fers of potassium and sodium balance one another. In most 
instances, moreover, they were so small that one would have 
hesitated to attribute any significance to them from measurements 
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of sodium alone, because the differences do not greatly exceed the 
error of the sodium method. On the other hand the changes of 
potassium are far beyond the limits of technical error. Obviously 
these exchanges and other chemical reactions that may accompany 
them require further examination. 

At 37°, judging from the regular increases of serum protein, 
water in every case entered the cells. In order to discover whether 
other solutes crossed the cell membrane, therefore, it is necessary 
to estimate what their concentrations in serum would have become 


TaB_e III 


Diffusibility of Sodium, Potassium, and Phosphorus across Red Cell 
Membrane after 18 Hours Standing at 7° and 87° 


























_ Sodium Potassium Phosphorus 
Experiment No. gotaln —a — ee a ——— 
|Obeerved| ied | ered | Gated” | Sante | gett 

gm, por cont! mM | mM | mM ™M | mM mM 

I. Control | 5.98 | 134.4 | | 3.14 | 1.03 | 0.07 
7° 5.98 | 132.8 | 184.4 | 4.41 | 3.14 | 1.01 | 0.07 

37° 6.44 | 141.0 | 144.0, — 3.38 | 5.65 | 0.32 

II. Control | 7.26 | 138.0 | _ 4.44 | 1.05 | 0.35 
7° | 7.38 | 139.8 | 140.2) 5.00| 4.51 | 1.02 | 0.39 
37° 8.10 | 142.5 | 154.0 | 4.76 | 4.95 | 6.59 | 0.16 
III. Control | 7.51 | 140.8 | | 4.03 | 1.05 | 0.04 
7° 7.61 | 137.7 | 142.5 | 10.02 | 4.08 | 1.05 | 0.04 

37° 8.35 | 148.3 | 156.0) 6.39 | 4.48 | 6.97 | 0.34 
IV. Control 6.12 | 135.9 | 4.10 | | 1.38 | 0.01 
7° | 6.43 | 130.0 | 142.6 | 8.68 | 4.30 | 1.38 | 0.01 
37° | 7.07 | 146.1 | 157.0) 5.58) 4.74 | 7.35 0.31 





as a result of the water exchange alone by the equation (pro- 
teine)/(protein,) X S; = calculated S., when the subscripts 1 and 
2 represent the sera at the beginning and end of the experiment 
respectively and S the solute in question. These calculated values 
are given in the right-hand columns under each solute in Table III. 
The differences between these and the observed concentrations 
indicate the quantities of solute transferred. 

Inorganic phosphate rose so much that the increment can only 
have been derived from the organic esters in the cells. On the 
other hand, the organic acid-soluble phosphorus of the serum did 
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not rise. Analyses of blood showed that after 18 hours at 37° 
from 2.2 to 4.0 mm of organic acid-soluble phosphorus per liter 
still remained in the cells. The esters of which this was composed 
must, therefore, have been unable to traverse the cell membrane. 
While changes in potassium were relatively small, they were too 
great to be referred entirely to transfers of water. Some potas- 
sium seems to have escaped from the cells in every case. On the 
other hand, since sodium rose far less than protein, it must have 
passed into the cells. The quantities of sodium that left the 
serum, moreover, were far greater than the potassium that en- 
tered. For phosphate and sodium to move in opposite directions 
may seem anomalous at first, but it must be recognized that the 
blood becomes acid in the incubator. 


DISCUSSION 


The sudden increase of inorganic phosphorus immediately after 
blood is hemolyzed indicates that the integrity of the cellular 
contents is not entirely preserved. Further evidence to this effect 
is found in the retardation of glycolysis. That vital processesare 
not entirely abolished is evidenced by the fact that glycolysisdoes 
occur, though at a reduced rate. It is rather generally stated 
that rupture of the cellular membranes abolishes glycolysis. This 
statement rests upon experiments in which blood was hemolyzed 
by the addition of water (11, 12). Obviously the method by 
which hemolysis is effected is not a matter of indifference. Frozen 
blood differs strikingly from blood to which saponin is added. 
The former, in consistency, more clearly resembles intact blood; 
the latter is far more viscous. These differences are reflected in 
chemical behavior. Frozen blood acts much as does intact blood 
so far as phosphates are concerned. The organic esters remain 
intact as long as the blood is kept cold, but break down at incu- 
bator temperature. For this reason and because freezing has 
proved to be the best means of preserving the chemical composition 
of muscle cells, it seems reasonable to suppose that the state of the 
cellular constituents of blood will be least altered by this procedure. 

If this assumption is justified, it may be inferred that organic 
phosphate esters in the intact resting cell are restrained from 
escaping by some force in addition to the membrane of the cell. 
The simplest restraining force that can be conceived is chemical 
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aggregation or combination with substances of large molecular 
size. At incubator temperature under the conditions of these 
experiments, without provision of nourishment or oxygen, the 
chemical reactions in the blood are not to be regarded as normal 
metabolic activities, but rather as processes of degradation or 
disintegration. In intact blood they can be reversed by addition 
of glucose (3); whether such a reversal could be effected after 
hemolysis remains to be determined. If the reactions in hemo- 
lyzed and intact blood are the same, these degradation processes 
involve not only the breakdown of a certain amount of organic 
phosphate but also resolution of the chemical restraint placed 
upon the remainder of the phosphate esters. 

If the reactions in hemolyzed and intact blood are the same, 
it becomes at once apparent at this point that the effect or purpose 
of the chemical restraint is not to prevent loss of organic phosphate 
from the cell. This is effectively prevented by the physical 
restraint imposed by the membrane. At 37° in hemolyzed blood 
the organic phosphate residue moves freely across cellophane, but 
in intact blood no appreciable amount escapes from the cells. If 
the cellular envelope is impervious to free organic phosphate esters, 
as these experiments suggest, the chemical restraint must serve 
only to diminish or abolish the osmotic activity of the phosphate 
esters. The cells would by this means be enabled to vary their 
load of these important constituents without being compelled 
to assume or deliver an equivalent amount of water. The vari- 
ability of the concentration of organic phosphate so far exceeds 
that of water or other chemical constituents of the red blood cells 
that some such osmotic defense would have to be postulated, even 
if it could not be demonstrated. ! 

The saponin experiments served two purposes: first to demon- 
strate that the chemical restraint can be dissociated from the 
reactions that attend glycolysis; second to prove that the non- 
filtrability of organic phosphate of frozen blood at 7° was not 
referable merely to the temperature. Cold inhibited glycolysis 
and hydrolysis of phosphate esters quite as effectively in the blood 


1 In the present experiments organic phosphorus of whole blood varied 
from 4.8 to 16.7 ma per liter. In blood with the normal proportions of 
cells containing the usual amounts of water, this would be equivalent to 15 
to 55 mm per liter of cell water. 
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treated with saponin as it did in the frozen blood. Nevertheless, 
in the former the organic phosphates became filtrable, whereas in 
the latter they did not. 

As far as potassium and sodium are concerned, the experiments 
give less clear cut information. The results are less consistent and 
less striking. There can be no doubt, however, that the behavior 
of the two elements is quite different; and this difference must 
signify that at least a fraction of one or both elements is under 
restraint. Again the experiments with whole blood prove that 
it is not this restraint which determines their disparate distribution 
between cells and serum. For this the cell membrane must still 
be held responsible. The chemical restraint only conditions or 
modifies their osmotic activity. Although at 7° some sodium and 
potassium is transferred across the cell membranes, the quantities 
are small; even at 37° distribution coefficients do not approximate 
those found in hemolyzed blood. The distribution coefficients 
of the two bases in the latter suggest that potassium plays a major 
réle in combining with protein. The difference between the dis- 
tribution coefficients of sodium in frozen chilled blood and in 
incubated or saponin-treated blood suggests that sodium may be 
associated with organic phosphates. To draw any such exact 
conclusions from these rough preliminary observations, however, 
would be hazardous in the extreme. 


SUMMARY 


1. When blood is hemolyzed by repeated freezing or by the 
addition of saponin, glycolysis and hydrolysis of phosphate esters 
proceed at a slower rate than they do in intact blood, but are not 
abolished. 

2. When blood hemolyzed by these methods was ultrafiltered 
through cellophane, phosphates, sodium, and potassium did not 
distribute themselves between the water of ultrafiltrate and sub- 
strate as if they were restrained only by the Gibbs-Donnan 
equilibrium. (a) Under all conditions the concentration of 
inorganic phosphate was higher in the water of substrate. (0) 
Potassium distributed itself always according to the dictates 
of the Gibbs-Donnan equilibrium. (c) In blood hemolyzed by 
freezing, after 18 hours at 7°, the acid-soluble organic phosphorus 
remained unchanged and acted as if it was completely non- 





, 
| 








738 Inorganic Components of Red Cells 


filtrable. Under the same conditions the concentration of sodium 
was higher in the substrate. (d) In blood hemolyzed by saponin, 
after 18 hours at 7°, acid-soluble organic phosphorus, though 
intact, distributed itself equally between the water of substrate 
and ultrafiltrate. Sodium also appeared to be uniformly dis- 
tributed. (e) In blood hemolyzed by freezing, after 18 hours at 
37°, acid-soluble organic phosphorus was largely converted to 
inorganic phosphate, but the residual organic phosphate was 
distributed evenly throughout the water of substrate and filtrate, 
Sodium also appeared to be uniformly distributed. 

3. The action of the same solutes in intact blood kept 18 hours 
at 7° and 37° was investigated. (a) At 7° organic acid-soluble 
phosphorus remained unchanged, imprisoned in the cells. A 
small amount of potassium escaped from the cells, while an 
equivalent amount of sodium passed in the reverse direction. (0) 
At 37° a large proportion of the organic acid-soluble phosphorus 
was broken down and much of the inorganic phosphorus derived 
from it passed into the serum, but no organic phosphate appeared 
to escape from the cells. A small amount of potassium left the 
cells and a far larger amount of sodium moved in the reverse 
direction. 

4. The implications of these experiments with respect to the 
state of phosphates, potassium, and sodium in the red blood cells 
are discussed. 
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THE EFFECT OF IODINE AND MERCURY ON AMINO 
NITROGEN VALUES WITH NITROUS ACID* 
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and the Department of Biochemistry of the University of Chicago, Chicago) 
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In a recent paper, Dunn and Porush (1) report partial confirma- 
tion of our (2) findings on the effects of iodine on amino nitrogen 
values by Van Slyke’s manometric method (3). They could not 
confirm our observation that glycine gives theoretical values when 
iodide is added, for they found the same values (103 per cent of 
theoretical) with as without iodide. 

Since Dunn and Porush found theoretical values for amino nitro- 
gen for cystine and cysteine by the use of iodide, and non-theo- 
retical results with glycine, they postulated a new theory for the 
action of the iodide. This theory involves the formation of a com- 
plex compound of mercuric iodide with certain amino acids, es- 
pecially cystine and cysteine, which in some way prevents the 
formation of extra nitrogen. According to their theory, this com- 
plex is not formed with glycine. 

Although Dunn and Porush were unable to isolate their postu- 
lated complex mercury compounds of cystine or cysteine, they 
advanced other evidence for their existence. They claim that 
in the volumetric apparatus, where no mercury is present, the 
amino nitrogen values of cystine are the same (112 per cent of 
theoretical) in the presence as in the absence of iodide, while ad- 
dition of KsHgI, makes the values approximately theoretical. 
From values on the more positive oxidation potential of nitrite 
as compared with iodine, and also from the fact that iodine does 
not form sulfate from cystine (while nitrous acid readily does), 
they argue logically that our theory ((2) p. 164), which says that 


* These investigations were supported in part by a grant from the 
Rockefeller Foundation. 
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the iodine oxidizes these abnormal groups in deaminizing cystine 
and glycine so that these groups do not react with nitrous acid to 
form extra nitrogen, cannot be correct. They also claim that 
iodine has no effect on the amino nitrogen value of glutathione. 

We do not agree with Dunn and Porush with respect to two 
simple experimental facts: first, concerning the effect of iodide on 
the manometric amino nitrogen value of glycine; and second, 
concerning the effect of iodide on the volumetric amino nitrogen 
value of cystine. As reported in our original paper (2), we con- 
tinue to find that, while the amino nitrogen value of glycine is 
103 to 104 per cent by Van Slyke’s manometric method without 
iodide, in the presence of iodide the amino nitrogen value is 
100 per cent. This has been observed independently by four 


TaBie I 
Amino Nitrogen Values for Cystine and Glycine 
The figures are the per cent of the theoretical values without iodide. 
Corresponding values with iodide were 100 per cent throughout. 








Manometric Volumetric 
| | Nomercury | With ade. 
5 min. 10min. | — —- mE 
| | § min. | 10 min. ah a 
——_—_—|-— sated Niteakiess Se ee Si 
Glycine.............| 108 107 106 | 107 | 103 
ELS owiccuaes J 130-150 145-155 | 107-110 | 113-116 | 117 125 





different analysts on four lots of glycine from widely different 
sources. We also find that in the volumetric apparatus (absence 
of mercury) the addition of 1 cc. of 2 per cent KI to the reaction 
mixture has a similar effect, lowering the amino nitrogen value of 
glycine from 106 per cent of theoretical without iodide (Van 
Slyke’s (4) procedure—5 minutes shaking at 24°) to 100 per cent 
with iodide. These and other data are summarized in Table I. 

Also, contrary to Dunn and Porush, we find that the amino 
nitrogen value of cystine in the volumetric apparatus (absence of 
mercury) is decreased from 108 per cent without iodide to 100 per 
cent with iodide. For these analyses the volumetric apparatus 
as modified by Koch (5) was used. The iodide used here, either 
2 per cent KI in 97 per cent acetic acid, or 0.5 per cent KI in the 
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30 per cent NaNOs, amounts to 0.26 per cent KI in the final reac- 
tion mixture and this is the same final concentration as that used 
in the manometric method. The volumetric amino nitrogen 
value of cystine without iodide is difficult to define precisely, 
because the result varies considerably with variations in the time 
‘and temperature of the reaction and increases considerably with 
traces of mercury salts. But the marked effect of iodide is invari- 
able: the amount of N» formed is within 1 per cent of theoretical, 
it is not increased by doubling the time or increasing the tem- 
perature by 5°, and, as long as a suitable excess of iodide is pres- 
ent, it is not influenced by the presence of mercury salts. 
Glycylglycine and glutathione were analyzed manometrically 
for amino nitrogen with and without KI, before and after hydrol- 


TaB_e Il 
Per Cent of Theoretical Amino Nitrogen Values (Manometric) at 25° 


Without KI | With ow cent | With 20 Fl cent 





| 10 min. 20 min, 


136.7 | 144.2 | 120 | 127.2 | 127.4 | 126.9 


| 
| 3 min. | 20min. | 3 min. | 20 min, 





Glycylglycine....... 





Es . o onesc eee 204.8 | 229. # | 193.2 | 199.0 | | 195 
Hydrolyzed* glycylglycine. | 101.7 
° glutathione. .| 116. 6 | 129.4 | 96. 6 | 98.8 | | 97.7 





° Hydroly sis was carried out w ith 3N x HCli ina sealed ampule for 1} hours 
at 15 pounds steam pressure and the HCI neutralized with NaOH (6). 


ysis, and the data are given in Table II. The glycylglycine, ob- 
tained from Amino Acid Manufactures at Los Angeles, showed 
102.4 per cent of theoretical total nitrogen; the glutathione from 
the Eastman Kodak Company showed total N of 99.6 per cent 
and total carbon of 101.2 per cent of theoretical. The total ni- 
trogen estimations were made according to Van Slyke (7) and the 
carbon according to Van Slyke, Page, and Kirk (8). The amino 
nitrogen values on glycylglycine, although not theoretical in the 
presence of KI, are markedly less than in the absence of KI. 
The values on glutathione are in substantial agreement with those 
previously reported (9) and are contrary to the statement of Dunn 
and Porush ((1) p. 268), “that amino nitrogen from glutathione 
is unaffected by the presence of iodide in the deaminizing reagent.”’ 
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As expected, the hydrolyzed peptides show very close to theoret- 
ical amino nitrogen values when KI is added. 

The effect of metallic mercury in the volumetric method was 
studied by placing 0.3 cc. of metallic mercury in the volumetric 
chamber before the other reagents are added. The results (see 
Table I) are essentially the same as those by the manometric 
method. Without iodide the values for cystine are markedly 
increased, while those for glycine are decreased from 106 per cent 
without mercury to 103 per cent with mercury. The fact that 
glycine gives lower values, while cystine gives higher values by 
the manometric than by the volumetric (no mercury) method, is 
apparently an effect of the mercury in the former method. But 
the effect of iodide is invariably to lower the amino nitrogen value 
to theoretical with both amino acids, either with or without 
metallic mercury. 

The effects of mercury salts on the amino nitrogen values of 
cystine and glycine were studied by using glacial acetic acid 
containing 5 per cent mercuric acetate. The results are qualita- 
tively similar to those with metallic mercury—increase with 
cystine and decrease with glycine; quantitatively, however, the 
mercuric acetate decreases the glycine value to theoretical, while 
the metal leaves it at 103 per cent. In the presence of both 
mercuric salt and iodide, glycine gives theoretical values, as long 
as either one is present in sufficient excess. With cystine, however, 
the result depends upon which one is in excess. If the iodide is 
present in sufficient excess (final concentration of 0.6 per cent 
mercuric acetate and 1.1 per cent potassium iodide), the amino 
nitrogen value is theoretical. With an excess of mercuric salt 
(final concentration of 0.6 per cent mercuric acetate and 0.26 
per cent potassium iodide) the Nez values are as high as they are 
with mercuric acetate without any iodide. 

Studies were made on the effect of time, temperature, and 
concentration of reagents on the amino nitrogen values of cystine 
and glycine, without and with iodide. Table I shows that as the 
time is increased from 5 to 10 minutes (at 20-25°) the nitrogen 
evolved from both cystine and glycine without iodide is definitely 
increased, while in the presence of iodide the values remain at 
100 per cent in both times. Also as the temperature is increased 
from 20° to 30° with constant reaction time of 5 minutes, the Nes 
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evolved increases by 2 to 5 per cent without iodide, but remains 
constantly at 100 per cent in the presence of iodide. Similarly, 
as the concentration of reagents is doubled, the Nz values increase 
by 4 to 8 per cent without iodide, while in the presence of iodide 
the values are increased by not more than 1 per cent. Thus in 
the manometric apparatus without KI when the reaction mixture 
consists of 5 ec. of 0.01 m glycine + 1 cc. of glacial acetic acid + 
2 cc. of NaNO, (total volume 8 cc.), the Nz evolved is 103 per 
cent of theory in 5 minutes at 20°; but when 1 cc. of 0.05 m g'ycine, 
1 cc. of glacial acetic acid, and 2 cc. of NaNO, (total volume 
4 cc.) are mixed, the Ne evolved is 111 per cent. With cystine 
in one experiment the result was 148 per cent at 8 cc., and 155 
per cent at 4 cc. total volume, the Nz evolved without iodide 
being definitely greater at a higher concentration of reacting sub- 
stances. But in the presence of iodide, cystine yielded the same 
100 per cent value at both concentrations, while glycine, yielding 
100 per cent at 8 cc. volume, gave 101 per cent at 4 cc. volume. 
The theoretical values obtained for these two amino acids in the 
presence of iodide is not due to a fortuitous balancing of errors, 
but the values hold under a wide variety of conditions of time, 
temperature, and concentration of reagents. 

We have also observed that free iodine in the absence of iodide 
has the same effect as an equivalent concentration of iodide on 
the amino nitrogen values of both cystine and glycine in the 
volumetric as well as the manometric apparatus in the absence 
as well as in the presence of metallic mercury. 

Van Slyke (4) found that carbon dioxide is formed when nitrous 
acid reacts with glycine and glycylglycine. We thought that a 
quantitative study of the CO, formed during the nitrous acid 
reaction with a variety of amino acids and peptides, in the presence 
and absence of iodide, of iodine, and also of metallic mercury, and 
of mercuric acetate, and a comparison of the carbon dioxide values 
with the corresponding amino nitrogen values might provide 
facts which would allow a better understanding of the mechanism 
of the reaction. 

For the quantitative estimation of the carbon dioxide formed 
during the nitrous acid reaction, we used essentially the procedure 
of Van Slyke, Page, and Kirk for microdetermination of carbon 
(8). The nitrous acid reaction was carried out in the evacuated 
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combustion tube at room temperature and the carbon dioxide 
formed was absorbed in the chamber by 2 cc. of carbonate-free 
alkali, as described in the manometric microcombustion method. 

Detail of Procedure for Determining CO, Formation during 
Nitrous Acid Reaction—Into the combusion tube are introduced 
5 ec. of 0.01 N amino acid (or protein hydrolysate containing 
an equivalent amount of primary amino nitrogen) together with 
one of the following four other additions: 1 cc. of glacial acetic 
acid, 1 cc. of 2 per cent KI in 97 per cent acetic acid, 1 cc. of water 
+ 1 cc. of glacial acetic acid, or 1 ec. of 20 per cent KI in water + 
1 ec. of glacial acetic acid. Each of these mixtures was studied 
without and with the addition of 2 cc. of metallic mercury. Before 
the nitrite is added (see below), the solutions are freed from dis- 
solved gases as follows: 

The combustion tube containing amino acid and acetic acid, 
with or without iodide and mercury, is attached to the Van Slyke- 
Neill chamber through the connecting tube with the stop-cock, 
and grease is used at all joints. The tube is then evacuated by 
lowering the mercury in the reaction chamber. While in the 
evacuated condition, the combustion tube is shaken for 4 minute 
to remove physically dissolved CO,. The air is then ejected 
through the cup of the reaction chamber. This procedure is 
repeated ten to fifteen times until all the air is removed, the com- 
bustion tube being shaken with each evacuation. 2 cc. of car- 
bonate-free alkali are then introduced into the reaction chamber. 
The mercury in the chamber is lowered about half-way and the 
stop-cock of the chamber is left open to the combustion tube. 
2 ce. of sodium nitrite are then introduced through the stop-cock 
of the connecting tube with a Van Slyke-Ostwald pipette. The 
combustion tube is then shaken for 3 minutes by hand. Then 
during the next 7 minutes the leveling bulb is raised and lowered, 
in order to insure complete absorption of the CO, by the alkali 
in the chamber, as described by Van Slyke, Page, and Kirk (8), 
and then the NO-N, gas in the chamber is ejected without loss 
of liquid through the stop-cock at the top of the reaction chamber. 
The leveling bulb is lowered again and the combustion tube is 
shaken for } minute; then the leveling bulb is raised and lowered 
for 44 minutes more to get the last of the CO, over into the alkali. 
The connecting tube is detached from the reaction chamber and 
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the capillary of the side arm of the stop-cock is sealed with mer- 
eury. The NO and N; are then ejected through the cup without 
loss of liquid and then 1.5 cc. of normal lactic acid are measured 
into the chamber and the procedure of Van Slyke, Page, and 
Kirk is followed; the CQO, is finally absorbed by 0.2 cc. of 5 N 
NaOH. The blank is determined in the same way as the analysis, 
except that water is used in place of the amino acid solution. The 


TaBLe III 


CO, Formation from Reaction of Amino Acids with HNO, in 15 Minutes 
al 22-30° 

5cc. of 0.01 N amino acid + other addition indicated + 2 ec. of saturated 

NaNO.. 


Mole CO: observed divided b vases 
of primary amino N 


Other addition |- —$$_$___— 























| Glu- | 
th | S| = 
l ee. glacial acetic acid. ee dae hala 0.022 | 0.51 | 0. 1 
hs “ ° ‘“* + 2ec. mercury; 0.015 | 0.48 | 0.40 ms 0.05 
1 “ se “ec se + 1 * water. | 0. 45 0.15 | 4 
1 “ce “oe ae oe + 1 ce ce | 
II, s,s cre acc nns sucans s | 0.40 | 0.40 
1 ce. 5% mercuric acetate in glacial | | 
TEPPER oe ees | | 0.42 | 0.42 | | 
1 cc. 2% KI in 97% acetic acid........ | 0.012 | 0.35 | 0.41 | 0.04 | 0.12 
1“ 2% “ 6 97% ‘“ “ + 2ce.| | 
E> dine tnd necks sme | 0.004 | 0.37 | 0.40 | 0.03 | 0.12 
1 ce. 2% iodine (no iodide) in ord 
SE J. . cebstsvcecntcsasdhaen 0.40 | 0.46 | 
lee. glacial acetic acid + 1 ce. 20% KI | | 
SR ee eee 0.003 | 0.23 | 0.25 | 0.02 | 
lee. glacial acetic acid + 1 ce. shesirs KI | | 
in water + 2 cc. mercury. cd< Ses -| 0.002 | 0.25 | 0.23 0.01 | 0.14 


moles of CO, formed are calculated from the pressure differences 
in the usual way, and the results are expressed in Table III in 
terms of the ratio of moles of CO, formed divided by equivalents 
of primary amino nitrogen. 

Table III shows that the CO, formed from glycine and cystine 
(15 to 50 per cent of the amino N) is much greater than that from 
glutamic acid (2 per cent of the amino nitrogen or less). The 
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amount of CO, formed from glycine is decreased by the presence 
of either KI or Hg, while that of cystine is increased by these 
additions. The CO, formed from glycylglycine and from glu- 
tathione (per unit amount of primary amino nitrogen) is less 
than that obtained with the amino acids, cystine and glycine, but 
that for glycylglycine (like that of glycine) is decreased by iodide, 
while that of glutathione (like that of cystine) is increased by 
iodide. The CO, formation from protein hydrolysates (after 
removal of ammonia) is 0.22 to 0.33 of the primary amino nitrogen 
and is decreased to 0.19 to 0.24 by 2 per cent KI, and to 0.11 to 
0.20 by 20 per cent KI; gelatin and hair hydrolysates show larger 
values and greater decreases with KI than hydrolysates of egg 
albumin or casein. The protein hydrolysates were prepared by 
autoclaving with 3 n HCl for 3 hours (6), and the ammonia was 
removed by vacuum distillation with Ca(OH),. The amount of 
CO, formed from cystine or glycine during the nitrous acid re- 
action varies considerably with variation in the concentration 
of reagents. In one case in which 1 cc. (instead of the usual 5 ce.) 
of glycine solution was mixed with glacial acetic acid and nitrite, 
the CO, formed was 0.7 mole per equivalent of amino N instead 
of 0.51, as given in Table III. In all cases reported in Table III 
the concentration of reagents was carefully controlled with a 
total volume of 8 or 9 cc., as indicated above. 


DISCUSSION 


The theory of Dunn and Porush that the effect of iodide on the 
manometric amino nitrogen value of cystine is dependent upon 
a complex mercury compound with iodide and amino acids is 
excluded, since in the volumetric apparatus, in the complete 
absence of mercury or its salts, iodide lowers the amino nitrogen 
value. Further, the statement of Dunn and Porush that iodide 
has no effect on the amino nitrogen value of glycine is definitely 
contradicted by our repeated finding, in both volumetric and 
manometric apparatus, that adding iodide lowers the amino 
nitrogen value to theoretical. Further, we find that mercuric 
acetate (without and with iodide) also lowers both the volumetric 
and manometric glycine value to theoretical. On cystine, how- 
ever, mercuric acetate has the opposite effect, raising the value 
to 125 to 140 per cent; and even in the presence of iodide, with 
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mercuric acetate in excess (0.25 per cent KI, 0.6 per cent 
Hg(OAc):), the amino nitrogen value of cystine remains ab- 
normally high. These facts likewise contradict the theory of 
Dunn and Porush which would prescribe that the glycine value 
should remain unaffected, while that of cystine should be lowered. 

So far we see no reason to modify our theory ((2) p. 164) which 
can be stated more specifically as follows: Iodine, formed from 
oxidation of iodide by nitrous acid, oxidizes the abnormal groups 
in deaminizing cystine and glycine before the nitrous acid can do 
so, and so, by preventing the reduction of nitrous acid by the 
abnormal reducing groups, the iodide prevents the formation of 
extra nitrogen. The facts about CO, formation, and the effects 
of mercuric salts, complicate the picture somewhat and demand 
special assumptions, but none of these facts contradicts the original 
idea that the iodide acts through the oxidizing action of iodine. 

We believe that on glycine mercuric acetate acts in the same 
way as iodine does, to oxidize the abnormal group before the 
nitrous acid does. With cystine, however, mercuric acetate not 
only is unable to prevent the reduction of the nitrous acid by the 
abnormal group, but it promotes this reduction with formation 
of increased amounts of extra nitrogen. This does not mean that 
iodine does not oxidize the deaminizing cystine. Added iodide 
and mercuric acetate both cause about the same increase in CO, 
formed from cystine plus HNOsg, indicating that both act to about 
the same extent in promoting the oxidation of the carbon chain. 
But the iodine acts to prevent the extra reduction of the nitrous 
acid, while the mercuric acetate must form some intermediate which 
promotes this extra reduction; whereas both act to cause increased 
CO, formation. 

An unexpected fact is that both iodine and mercuric acetate 
decrease slightly, rather than increase, the CO, formed from glycine 
with nitrous acid, while preventing the formation of extra nitrogen. 
Although these reagents obviously act to decrease slightly the 
extent of oxidation of the carbon, the amount of CO, formed from 
glycine even in the presence of iodine or mercury is much greater 
than that formed from a “normal’’ amino acid such as glutamic 
acid. We do not feel that this argues against our theory of the 
oxidative action of iodine. Rather we feel that it is the iodide 
(possibly by its reducing action) which decreases the formation 
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of the CO, while the oxidative action of the iodine prevents the 
formation of extra nitrogen. At first thought it might seem that 
this idea is excluded by the observation that free iodine, in the 
complete absence of added iodide, has essentially the same effect 
as iodide on the CO, as well as on the N2 value. However, when 
iodine oxidizes, iodide is formed, and the effects of added iodine 
on CO, formation might well be the result of iodide secondarily 
formed by reduction of iodine. This view is supported by several 
facts. Although added iodine decreases the CO, formed as com- 
pared with no iodine, the CO, value with iodine is somewhat 
greater than that with iodide. Also 20 per cent KI decreases 
the CO, from glycine even more than 2 per cent KI, while leaving 
the Ne: theoretical; and with cystine, 20 per cent KI, while in- 
creasing the CO, above the value without iodide, leaves it at a 
lower value than 2 per cent KI. We believe that the iodine 
controls the N: formation by oxidizing the abnormal groups in 
deaminizing glycine, thus preventing the extra reduction of nitrous 
acid, while iodide, either originally present or formed from iodine 
by the reduction described above, decreases in some way the 
formation of CO, from deaminizing glycine. 

Dunn and Porush argue logically that, since nitrous acid has 
a higher oxidation potential than iodine, the iodine could not 
preferentially oxidize any reducing group in the presence of nitrous 
acid. The whole subject of oxidation catalysis is replete with 
examples of weak oxidizing agents, of intermediate or low po- 
tential, promoting oxidations which substances of higher potential 
cannot effect in a limited time. Thermodynamic constants allow 
us to predict the direction but not the rates of chemical reactions. 
We believe that iodine may well oxidize a reducing group in 
deaminizing cystine or glycine, which the nitrous acid with higher 
potential cannot oxidize in the same time just as, for example, 
iodine at pH 6 rapidly oxidizes hydroquinone which oxygen with 
higher potential cannot oxidize except very slowly. 

Dunn and Porush also point out that, while nitrous acid (by 
oxidation) forms sulfate from cystine, iodine, in the absence of 
nitrite, is unable to do so. This fact we have confirmed, but we 
do not feel that it bears on the question. Van Slyke (4) showed 
that glycolic acid yields no Nz with nitrous acid and Lough and 
Lewis ((10) p. 608) showed this similarly for 8,8’-dithiodiglyceri¢ 
acid. We feel that it is probably not the original amino acid, 
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nor the amino acid after complete deamination, but rather the 
amino acid during deamination, possibly a diazo intermediate, 
which forms the extra nitrogen. Cystine and glycine which are 
being deaminized by nitrous acid probably have quite different 
reactivities than have the amino acids without nitrous acid; diazo 
compounds usually have greater reactivity than their parent 
amines or the resulting alcohols. We feel that it is impossible 
to predict from the lack of reaction of iodine with pure cystine 
that there will be a similar lack of reaction between iodine and 
deaminizing cystine. 

We attach no particular significance or permanence to our 
theory. Like most working hypotheses, it will probably be 
amplified or entirely superseded by better ideas. We defend it 
here only because it has been unfairly attacked and because we 
feel that it is still the best interpretation of the available facts. 

Change in Manner of Adding Iodide—In our early work on 
the effect of iodide on amino nitrogen values (2), the iodide was 
dissolved in and added with the acetic acid. This solution of 
2 per cent KI in 97 per cent acetic acid is rapidly oxidized when 
exposed to air and in a few hours it becomes intensely colored 
with free iodine. Since a solution prepared by dissolving 2 per 
cent of iodine (no iodide) in acetic acid has the same effect on 
amino nitrogen values, we concluded that the atmospheric oxida- 
tion of the iodide in the KI solution could do no harm, and that 
the reagent would be stable indefinitely. 

More recently, however, have we found that such solutions, 
after aging for several weeks, at times have decreased efficiency 
in lowering the amino nitrogen values of cystine to theoretical. 
The reason apparently is that the iodine reacts with mercury 
during the preliminary shaking for removal of dissolved air, 
mercuric iodide is formed, and the net amount of dissolved iodine 
during the nitrous acid reaction is decreased. This difficulty can 
be increased by prolonging the time of the preliminary shaking 
to 5 instead of the usual 2 minutes, and especially by allowing a 
few globules of mercury to remain with the aqueous phase in the 
wide portion of the chamber during this preliminary shaking. 
Under this latter condition, all the brown iodine color is completely 
discharged, and, in case the acetic acid contained much free iodine 
and little or no iodide, a heavy yellow precipitate of mercuric 
iodide is formed. When subsequently the nitrite is added, very 
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little or no free iodine is formed, and the amino nitrogen values 
of cystine or glycine are higher than theoretical, as they are with- 
out any iodide or iodine. This difficulty is never observed with 
fresh solutions (less than 2 days old) of KI in acetic acid, in which 
a large fraction of the iodide remains unoxidized and it also can 
be avoided with old, extensively oxidized solutions of iodide in 
acetic acid, or even with solutions made by dissolving free iodine 
without iodide directly in acetic acid, if the time of the preliminary 
shaking is not allowed to exceed 2 minutes, and if the contact of 
mercury with the aqueous phase during this preliminary shaking is 
kept at a minimum. 

The difficulty can, however, be more conveniently overcome 
by dissolving the iodide in, and adding it with, the nitrite. For 
the manometric method, since 2 cc. of nitrite are used and 20 mg. 
of KI are wanted, one dissolves 1 gm. of KI in 100 ce. of saturated 
NaNO, (800 gm. of NaNO, + 1 liter of water as described by 
Van Slyke (3)). In the volumetric method, one uses 0.5 gm. of 
KI in 100 cc. of the 30 per cent NaNO: (where 3 cc. of glacial 
acetic acid and 12 cc. of 30 per cent NaNO, are used with a 1 
or 2 cc. sample of amine). The iodide readily dissolves in the 
nitrite; there is no atmospheric oxidation of iodide and the solution 
keeps indefinitely. 

A further advantage of this iodide-nitrite solution in the 
manometric method arises from the fact that some proteins 
form sticky precipitates when treated with iodine in acetic acid, 
but not with acetic acid alone; and when these precipitates adhere 
to the constricted portions of the chamber above the 2 or 0.5 ce. 
marks, they are difficult to remove and cause inaccuracies in the 
analysis. When the iodide is added with the nitrite, the mixture 
of amine and acetic acid, after removal of dissolved gases, can 
be drawn well below the 2 cc. mark before the iodide-nitrite is 
added, and the protein precipitates adhering to the wide portion 
of the chamber not only do not interfere with the gas volume 
above the 2 cc. mark, but they are readily removed by subsequent 
shaking with dilute alkali. 


SUMMARY 


1. By the addition of iodide, the nitrous acid amino nitrogen 
values of cystine and glycine become theoretical by the volumetric 
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as well as the manometric method, in the absence as well as in the 
presence of metallic mercury. 

2. Mercuric acetate lowers the amino nitrogen value of glycine 
to the theoretical, while metallic mercury lowers it from 106 to 
103 per cent. With cystine, mercuric acetate and metallic mer- 
cury cause marked increases from 108 to 140 per cent or more. 

3. Cystine and glycine form considerable CO, during the nitrous 
acid reaction, while the CO, from glutamic acid is nearly zero. 
This CO, from glycine is lowered slightly by added iodide or 
mercuric acetate, while the CO, from cystine is considerably 
increased by such additions. 

4. For interpretation we still prefer the theory that added iodine 
oxidizes some abnormal reducing groups in deaminizing cystine 
and glycine, and thus prevents the reduction of nitrous acid by 
these groups which otherwise cause formation of extra nitrogen. 

5. For both volumetric and manometric analyses with iodide, 
it is recommended that the KI be dissolved in and added with 
the nitrite instead of the glacial acetic acid. 
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THE DETERMINATION OF TOTAL BASE IN BIOLOGICAL 
MATERIAL BY ELECTRODIALYSIS* 


By W. V. CONSOLAZIO ann JOHN H. TALBOTT 


(From the Medical Clinic of the Massachusetts General Hospital and th 
Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, November 29, 1939) 


The microdetermination of total base by electrodialysis has 
been subjected to further investigations since the communication 
of Keys (1) and of Joseph and Stadie (2). An improved total 
base unit' has been devised which is easy to manipulate and 
which allows increased efficiency and greater accuracy in the 
determination. In this communication the use of the new unit 
will be discussed and a critical comparison will be made between 
determination of total base by electrodialysis and by other pro- 
cedures in common use. 


Reagents and Apparatus 


Instrument —Several parts of the unit described by Keys have 
been eliminated. An instrument with nine improved units® is 
shown in Fig. 1. This includes two milliameters, a pilot lamp, 
a rheostat, a shunt, and a switch. It is operated at 110 or 220 
volts p.c.; the possibility of using lower voltages has not been 
tested fully. It draws 65 milliamperes at full load. 

Anode—The anode is a platinum electrode fused in a Pyrex cup 
and connected by a metal socket directly to the source of power. 
The anode acid-conductor of Adair and Keys (3) has been elimi- 
nated. An unsuccessful attempt was made to substitute platinum 
foil for the mercury anode. 

* This investigation was aided by the Corn Industries Research Founda- 
tion. 

' Demonstrated at the meeting of the Federation of American Societies 
for Experimental Biology, Toronto, April, 1939. 

* Manufactured by Macalaster-Bicknell Company, Cambridge, Massa- 
chusetts, 
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Anode cups should not be cleansed with cleaning solution. 
Precipitation of chromium on platinum may introduce serious 
errors. A detailed sketch of one unit is shown in Fig. 2. It is 
recommended that the cups be brushed with water, filled with 
concentrated nitric acid, and allowed to stand for several hours. 
Several rinses with distilled water remove all adherent base. 

Membranes—Cellophane (No. 300 plain transparent cellophane, 
du Pont) is the most satisfactory material for membranes we 
have discovered. A 7 cm. square, after soaking for 10 minutes 
or more in distilled water, is placed over the finely polished end 





Fig. 1. Electrodialysis instrument. For details see the text 


of the membrane tube. It is pulled taut with a slight downward 
pressure until all of the wrinkles have been removed. If the 
membrane is stretched across the grain before application, a better 
result is obtained. After application the maximum pull should 
be against the grain. The membrane is allowed to dry and 
trimmed with a razor blade or scalpel, leaving a 5 mm. overlap 
on the glass. The sides are sealed with collodion® by mechanical 
rotation of the membrane tube in a horizontal position, at 60 to 
120 r.p.M. A thin continuous stream of collodion is poured onto 
the tube, which is begun 2 cm. away from the trimmed edge and 


3’ Mallinckrodt vu.s.p. collodion proved satisfactory. 
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worked out to the end of the tube. The membranes are dried, 
rinsed thoroughly, and stored in distilled water in the cold until 
ready for use. Membranes are used only once, since they become 
fragile and dirty. 

Base-F ree Water—Inexpensive base-free water may be obtained 
by redistillation from alkaline permanganate in an all-glass still. 
The first quarter of the distillate should be discarded. Pyrex 
bottles should be used for storage. 


CATHODE ~--------------- : 









MEMBRANE TUBE----- 





BENZOIC ACID-- - ---. 


SAMPLE + WATER--- - - -- ET: 
MERCURY CATHODE-- --J39 HE 42 
MEMBRANE - - - - 














Fie. 2. Sketch of one electrodialysis unit 


Pure Mercury—-Used mercury is cleansed by bubbling air 
through the mercury container to which has been added 5 per cent 
nitrie acid, and finally rinsed thoroughly with distilled water. 

Standard Benzoic Acid—Benzoic acid has been substituted for 
the stronger mineral acids. It is preferable for electrodialysis, 
as it may be employed with either an organic or an inorganic base. 
A stable product (Mallinckrodt) which assays about 99.95 per 
cent is available. A stock solution of n benzoic acid is prepared 
in absolute alcohol and stored in the cold. A 0.02 N solution is 
made from stock by diluting with glass-distilled water. We have 
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used one stock solution for more than 3 years and have detected 
no change in titer in the interim. 

Standard Sodium Hydroxide—A solution of 0.2 N sodium hy- 
droxide is prepared from carbonate-free sodium hydroxide. 

Pipettes and Burettes—The Krogh-Keys (4) automatic syringe 
pipettes? of 0.2 ml. and 2.0 ml. capacity and the Rehberg micro- 
burette (5, 6) are indispensable. 

Blank Analyses—The blank has been a source of unexplained 
trouble. If an individual blank is determined for reagents used, 
an error as great as +3.0 milliequivalents per liter of base may 
be introduced. A standard salt solution, on the other hand, gives 
reproducible results. We substituted for the blank analysis, 
therefore, 0.2 ml. of a solution of sodium chloride which was 
known to contain 140.0 milliequivalents per liter. The blank 
correction was computed from the recovery of base in this sample. 


Procedure 


Serum—Approximately 0.3 ml. of pure mercury and 10 ml. of 
glass-distilled water are placed in the anode cup. 0.2 ml. of 
serum is delivered into the cup with the automatic pipette. The 
pipette is rinsed ten times with glass-distilled water. In a newly 
rinsed membrane tube are placed approximately 1.5 ml. of pure 
mercury and exactly 2.0 ml. of standard 0.02 N benzoic acid. The 
cathode membrane is immersed in the unknown to a depth of 
5 mm. Electrodialysis is started and allowed to proceed with 
maximum resistance for an hour. The resistance is cut out and 
electrodialysis is continued for about 12 hours, preferably through 
the night. The current flow should be negligible at the end of 
this period. The electrode is rinsed with a few ml. of glass- 
distilled water and a drop of uniform size of 0.04 per cent phenol- 
phthalein added. The solution is titrated to the first trace of 
pink with 0.2 n sodium hydroxide from the microburette. 

Complete dialysis of base from serum is achieved by 1 unit in 
15 minutes. The time for 9 units is approximately 3 hours. For 
urine and tissues, a longer time is needed to allow for diffusion of 
calcium and magnesium. Electrodialysis overnight is adequate 
for all bases and avoids interfering ammonia fumes present in 
many laboratories during the day. 

Blood Cells—Erythrocytes should be analyzed soon after col- 
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lection. A 1 mm. bore needle on an automatic syringe pipette 
is recommended for the transfer. 0.2 ml. of cells is used and the 
syringe is rinsed as for serum. 1.5 ml. of standard benzoate are 
sufficient. In order to free any occluded base, it is advisable to 
agitate frequently the protein which clumps on the membrane. 

Urine—Urine is collected immediately after voiding, preserved 
with toluene, and stored at 4°. 24 hour urine specimens are 
diluted to 2 or 3 liters. With these precautions there is no pre- 
cipitation of phosphates and urates and no appreciable amount of 
ammonia formation. In the determination of total base it is 
necessary to guard against an excessive amount of material. The 
sample should contain less than 0.04 milliequivalent of base. 

Tissue—Complete recovery of base from minced tissue, ashed 
tissue, or sliced tissue is achieved if overnight dialysis is employed. 
0.25 gm. of tissue is the maximum amount that may be taken. 
It is convenient to weigh 0.2 gm. of tissue directly into a clean, 
dry anode cup. 12 ml. of water and 0.3 ml. of mercury are added. 
Analysis proceeds as with serum. 

Miscellaneous Samples—Plasma, whole blood, ultrafiltrates, and 
spinal and synovial fluid are treated in the same way as serum. 
They may be preserved at 4° for at least 3 weeks without any 
appreciable decomposition. The difficulty of obtaining a small 
homogeneous sample of dried diets or feces has prevented the 
application of the method to these substances. The high magne- 
sium content of feces further complicates the analysis of this 
material. Not more than 0.005 milliequivalent of magnesium 
can be recovered from an unknown or standard solution if other 
bases are present. 

Ashed Material—lIt is unnecessary to ash most samples of bio- 
logical material. In the treatment of certain substances in which 
this is unavoidable, a dry ashing technique is employed. Material 
containing approximately 0.05 milliequivalent of base is dried in 
a 5 ml. platinum crucible or a quartz tube. The crucible is 
placed in a cold electric muffle furnace and ashed overnight at a 
temperature between 450-500°. The temperature is raised 
slowly. 1 drop of 0.2 nN hydrochloric acid is added to the con- 
tainer when cool. An excess of acid is to be avoided, as it may 
interfere with the passage of anions through the membrane. 
After the crucible is agitated to accelerate solution of the oxides 
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of calcium and magnesium, the contents are rinsed into the anode 
cup with six 2 ml. portions of glass-distilled water. 0.3 ml. of 
mercury is added and electrodialysis started. 


Results 


Individual bases as well as total base were determined on sam- 
ples of serum from thirty-seven males. The subjects were either 
healthy persons or ambulatory patients suffering from diseases 
not associated with a disturbance of the acid-base balance of the 
blood. All bloods were collected the same day from 4 to 8 hours 
after the morning meal. All determinations are given in Table I; 
none is omitted. Sodium was determined according to the 
method described by Butler and Tuthill (7). The samples were 
dry-ashed in platinum crucibles. Potassium was determined 
according to the method described by Consolazio and Talbott (6), 
calcium according to the method described by Clark and Collip (8), 
and magnesium by a modification of the method described by 
Briggs (9). Total base was determined by electrodialysis with 
0.2 ml. samples. The data given are the original single analyses. 
No analyses were repeated. The agreement between the sum 
of the ions determined individually and determined collectively is 
satisfactory. The average of the values for total base determined 
by electrodialysis was 153.1 milliequivalents per liter. The aver- 
age of the sum of the bases determined individually was 152.5 
milliequivalents per liter. The extra base obtained by electro- 
dialysis may be attributed to small amounts of organic or inorganic 
base not determined usually. 

Table II contains data of serum base of fifteen healthy males. 
The bases were determined individually as Na, K, and Ca; collec- 
tively as total base by a gravimetric method (10) on 20 ml. samples 
and total base by electrodialysis on0.2 ml. The average total base 
as determined by electrodialysis was 0.7 milliequivalent per liter 
less than that for total base by the gravimetric method with 100 
times the quantity of serum. The results are equally satisfactory 
if averages are taken of the first seven samples with individual 
bases analyzed. Magnesium was not determined in these samples 
but if 2.7 milliequivalents (the average for Table I) are added to 
the average for the individual bases the result is 154.0 milliequiva- 
lents per liter. The average for total base determined gravi- 
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Concentration of Serum Bases Determined Individually and Collectively 
Concentrations are given in milliequivalents per liter. 











me z aur 
1 138.5 | 4.77 | 5. 151.2 | 151.4 | 40.2 
2 141.9 | 4.63 | 5.10 154.7 | 154.5 | —0.2 
3 137.7 | 4.62 | 4.72 150.1 | 147.7 | -2.4 
4 143.0 | 4.40 | 4.85 155.1 | 153.7 | —1.4 
5 139.6 | 4.11 | 4.96 151.1 | 151.5 | +0.4 
6 141.8 | 3.88 | 4.90 153.2 | 153.1 | —0.1 
7 143.0 | 4.00 | 5.16 154.8 | 152.5 | -2.3 
8 141.1 | 4.83 | 4.98 153.4 | 152.9 | —0.5 
9 139.0 | 4.45 | 4.94 150.6 | 150.8 | +0.2 
10 140.3 | 4.38 | 5.09 152.3 | 152.9 | +0.6 
ll 140.5 | 5.13 | 4.98 153.6 | 154.3 | +0.7 
12 142.2 | 4.72 | 4.67 154.2 | 154.7 | +0.5 
13 141.6 | 4.77 | 5.13 154.0 | 153.9 | —0.1 
14 141.6 | 4.15 | 4.86 153.0 | 152.9 | —0.1 
15 140.4 | 4.19 | 4.86 151.9 | 152.0 | +0.1 
16 140.5 | 4.30 | 4.91 : 152.1 | 152.4 | +0.3 
17 138.8 | 4.51 | 5.27 | 2.54 | 151.1 | 152.5 | +1.4 
18 141.0 | 5.16 | 4.92 | 2.30 | 153.4 | 155.3 | +1.9 
19 139.4 | 4.00 | 5.17 | 2.37 | 150.9 | 152.0 | 41.1 
20 138.4 | 5.17 | 5.06 | 2.44 | 151.1 | 152.4 | 41.3 
21 135.0 | 5.59 | 4.53 | 2.48 | 147.6 | 149.4 | 41.8 
22 141.0 | 4.46 | 5.15 | 2.39 | 158.0 | 154.4 | 41.4 
23 141.1 | 4.32 | 5.21 | 2.78 | 153.4 | 158.6 | 40.2 
24 141.5 | 5.08 | 4.73 | 2.63 | 153.9 | 154.8 | +0.9 
25 140.5 | 4.66 | 4.98 | 2.96 | 153.1 | 152.3 | -0.8 
26 141.2 | 4.56 | 5.05 | 2.54 | 153.4 | 153.7 | 40.3 
27 140.0 | 4.70 | 5.05 | 2.48 | 152.2 | 152.4 | +0.2 
28 139.0 | 4.24 | 5.01 | 2.63 | 150.9 | 152.6 | 41.7 
29 142.6 | 5.47 | 5.22 | 2.72 | 156.0 | 156.8 | +0.8 
30 139.7 | 4.27 | 5.01 | 2.63 | 151.6 | 152.9 | +1.3 
31 139.6 | 4.88 | 5.20 | 2.70 | 152.4 152.9 | +0.5 
32 141.0 | 4.29 | 4.87 | 3.35 | 153.5 | 155.3 | 41.8 
33 139.0 | 4.59 | 4.98 | 2.95 | 151.5 | 154.0 | 42.5 
34 139.6 | 4.45 | 4.76 | 2.59 | 151.4 | 153.8 | 42.4 
35 139.5 | 5.00 | 4.96 | 3.05 | 152.5 | 154.0 | +1.5 
36 139.7 | 4.79 | 5.85 | 2.97 | 152.8 | 152.8| 0.0 
37 138.5 | 4.40 | 5.21 | 2.97 | 151.1 | 153.2 | 42.1 

140.2 | 4.60 | 5.00 | 2.67 | 152.5 | 188.1 | +0.6 
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metrically in the same samples was 154.9 milliequivalents and 
for total base by electrodialysis 154.2 milliequivalents per liter. 

In Table III data are presented of serum bases of thirteen hos- 
pital patients. The bases were determined individually as Na, K, 
and Ca; collectively as total base according to the method de- 
scribed by Van Slyke, Hiller, and Berthelsen (11), and total base 
by electrodialysis. If it is assumed that the average concentration 
of Mg is 2.7 milliequivalents, the sum of the bases determined 
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{i Taste II 
Concentration of Serum Bases Determined Individually As Na, K, and Ca, 
and Collectively by Gravimetric Method and by Electrodialysis 

Concentrations are given in milliequivalents per liter. 


Total base _ Total base 











ent Na K Ca z gb | by, sipctzo” 
38 140.8 3.4 5.2 149.4 152.3 152.4 
39 140.1 3.3 5.3 148.7 153.7 151.6 
40 143.9 4.0 5.1 153.0 156.1 | 156.1 
41 | 140.5 3.7 5.4 149.6 154.3 153.1 
42 142.5 3.9 4.9 151.3 | 152.6 152.6 
43 143.6 4.0 5.1 152.7 154.6 153.9 
44 146.3 4.1 5.0 155.4 | 160.8 159.1 
45 | 155.4 154.9 
46 | 158.5 | 152.4 
47 | 154.5 | 154.4 
48 | 157.2 | 155.7 
49 152.0 152.0 
50 152.2 | 153.0 
51 151.9 | 150.9 
52 154.0 | 152.5 

I ao bisicinca 5 oe RDA Seas Re cabal ce sats Coats 154.3 | 153.6 








Bi individually is 150.7 milliequivalents per liter. This agrees pre- 
“p cisely with the average total base value by the method of Van 
Slyke et al. The average total base by electrodialysis was 150.4 
milliequivalents per liter. 


i f In Table IV, total base in thirteen samples of serum as deter- 
i mined according to the method described by Hald (12) is compared 
I with total base determined by electrodialysis. The subjects were 


i healthy males or females. Agreement of the data in Table IV is 
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unsatisfactory. The average difference is +5.6 milliequivalents 
per liter. The average total base which we obtained on serum 
from normal persons by Hald’s method (147.6 milliequivalents) 
agrees with the average of ten determinations (146.5 milliequiva- 
lents) on normal persons in the author’s article. It appears, 
therefore, that we were able to apply the technique as described. 
The disagreement between Hald’s method and other micromethods 
has not been explained satisfactorily. We are inclined to believe 


TaB.e III 
Concentration of Serum Bases Determined Individually As Na, K, and Ca, 
and Collectively according to Method Described by Van Slyke et Al. 
and by Electrodialysis 


Concentrations are given in milliequivalents per liter. 


Total ase Total base 





Subject | wy, 














me | . yak at Met, of Van Siyke — 
| 
53 142.5 | 4.7 | 6.4 153.6 | 154.0 156.4 
& | 428 | 3.5 4.9 151.2 | 153.7 154.0 
55 | (148.5 3.1 5.7 | 152.3 | 155.7 | 154.9 
56 137.5 14.1 5.1 156.7 | 159.0 | 158.8 
57 | 141.7 4.1 4.9 | 150.7 | 150.0 | 153.0 
58 | 142.5 3.2 4.6 | 150.2 | 153.5 | 153.2 
59 119.0 | 50 | 4.7 | 128.7 | 128.8 | 130.2 
60 136.2 | 4.7 4.8 | 145.7 | 151.3 | 150.2 
61 | 187.9 4.1 4.5 | 146.5 | 150.0 | 148.4 
62 136.2 44 | 44 | 45.0 | 150.5 | 147.9 
63 141.2 48 | 48 | 150.8 | 153.5 | 151.2 
644 40.5 | 4 4.6 149.2 | 153.2 | 151.9 
6 | 134.9 | 4.5 4.5 | 143.9 | 146.5 | 145.3 
Average | 138.2 | 4.9 | 4.9 | 148.0 | 150.7 | 150.4 





that Hald’s method gives, consistently, results that are 4 to 6 
milliequivalents too low. 

Comparison was next made between concentration of total base 
of blood cells determined by the gravimetric method (10) and by 
electrodialysis (Table V). Samples of blood cells from eleven 
healthy males were used. 15 ml. of cells were employed for the 
gravimetric procedure and 0.2 ml. of cells for electrodialysis. 
Phosphates were removed as basic ferric phosphate in the gravi- 
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TaBLe IV 


Concentration of Serum Bases Determined As Total Base according to Method 
Described by Hald and by Electrodialysis 


Concentrations are given in milliequivalents per liter. 








Subject No, | Total barby Hald | Total bese by a 
66 144.8 | 153.2 +8.4 
67 | 148.8 153.1 +4.3 
68 152.2 156.7 +4.5 
69 145.3 152.9 +7.6 
70 145.5 152.2 +6.7 
71 147.0 153.0 +6.0 
72 148.2 151.6 +3.4 
73 146.2 150.9 +4.7 
74 149.6 152.5 +2.9 
75 147.5 151.7 +4.2 
76 151.9 156.5 +4.6 
77 | 144.0 154.5 +10.5 
78 | 148.0 152.8 +4.8 
Average........| 147.6 153.2 +5.6 
TABLE V 


Concentration of Cell Base Determined As Total Base by Gravimetric Method 
and by Electrodialysis 


Concentrations are given in milliequivalents per liter. 





" 
| 











Gabinete, | gamle, | Senne | 
79 110.5 111.3 | +0.8 
80 107.5 | 111.2 +3.7 
81 110.1 112.3 +2.2 
82 112.6 111.7 | —0.9 
83 111.4 111.5 +0.1 
84 113.5 | 113.5 0.0 
85 112.7 112.5 —0.2 
86 119.8 118.9 —0.9 
87 116.3 114.8 -1.5 
88 114.7 113.7 —1.0 
89 111.6 | 110.5 | -1.1 

Average........| 112.8 112.9 | +0.1 
































W. V. Consolazio and J. H. Talbott 763 


metric procedure. The sample was then reashed with sulfuric 
acid and the sulfate weighed as the barium salt. The average 
discrepancy between the two methods was 1.0 milliequivalent 
per liter. 


TaBie VI 


Concentration of Bases in Urine Determined Individually As Na, K, Ca, Mg, 
and NH, and Collectively by Electrodialysis 


Concentrations are given in milliequivalents per liter. 


Urine Total base | Total base 














comple Na K Ca Meg | NH z by oo | minus z 
a a a Eee ————j——— 
1 69.4| 37.8; 0.3 | 7.2 | 27.8 | 142.5/ 144.8 | 42.3 
2 | 67.0) 36.2) 0.3 | 7.1 | 24.8 | 135.4) 135.2 | —0.2 
3 72.4 | 32.7| 0.1 | 7.2 | 26.0 | 1388.4| 138.0 —0.4 
4 | 9.4) 35.1) 0.4 8.6 | 25.3 | 164.8/ 166.2 | +1.4 
5 | 85.2) 36.7) 0.3 | 8.0 | 24.6 | 154.8 | 155.8 | +1.0 
6 | 84.4) 34.0) 0.1 | 8.1 | 25.0 | 151.6] 151.8 | +0.2 
7 79.8 | 32.4) 0.3 | 8.0 | 23.4 | 143.9 | 142.6 | —1.3 
8 | 76.0| 31.2) 0.4 | 7.3 | 24.6 /139.5| 141.6 | 42.1 
9 | 94.8) 36.2) 0.6 | 8.5 | 26.3 | 166.4) 167.3 | +0.9 
10 | 87.8| 35.7| 0.1 | 7.9 | 24.6 | 156.1| 157.6 | 41.5 
11 | 75.0| 33.7) 0.3 | 7.0 | 27.4 | 143.4| 143.6 | +0.2 
12 91.9| 36.1| 0.2 | 7.0 | 28.1 | 163.4) 164.8 | +1.4 
13 69.8 | 35.4| 0.3 | 6.0 | 26.6 | 138.1) 136.8 | —1.3 
14 | 111.5!) 65.1! 7.4 | 8.6 | 40.4 | 233.0| 230.6 | —2.4 
15 | 112.8| 64.2| 7.7 | 8.6 | 42.9 | 236.2} 235.8 | —0.4 
16 | 143.5 | 62.7| 7.6 | 9.0 | 37.2 | 260.0) 259.8 | —0.2 
17 | 136.2| 65.3) 7.7 | 9.8 | 44.7 | 263.2) 263.0 | —0.2 
18 | 128.7/ 119.8; 5.3 | 8.4 | 50.7 | 312.9| 303.0 —9.9 
19 | 94.2/ 135.6) 4.9 | 9.6 | 49.7 | 204.0 | 284.6 | —9.4 
20 88.5 | 136.2| 5.9 | 10.9 | 47.0 | 288.5 | 286.0 | —2.5 
21: 187.0 317.8 | 10.3 | 9.0 | 34.0 | 558.1| 562.0 | +3.9 
22 87.6 | 349.0} 10.8 | 8.7 | 40.6 | 496.7) 489.8 | -—6.9 
23 «| 62.4 | 356.8| 11.4 | 8.4 | 38.2 | 477.2] 479.6 | +2.4 











In Table VI data are given for base determinations in twenty- 
three samples of urine. The ions were determined individually 
as Na, K, Ca, Mg, and NH, and collectively as total base by elec- 
trodialysis. Agreement between the sum of the bases and total 
base by electrodialysis was 99 per cent or better in all except 
three samples. The greatest absolute discrepancies were noted 
in samples of urine with high concentrations of base. It is con- 
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cluded that the improved unit allows complete diffusion of bases 
occurring in urine and that recovery of base is complete when 
optimum quantities are taken for analysis. 

During the past 3 years total base has been determined by elec- 
trodialysis in more than 1500 samples of serum and in more than 
1000 samples of urine. Both normal and sick persons acted as 
experimental subjects. In a high percentage of instances the 
results by electrodialysis appeared to be satisfactory. The basis 


TaB_Le VII 


Concentration of Tissue Bases Determined Individually As Na, K, Ca, and 
Mg and Collectively by Electrodialysis 


Concentrations are given in milliequivalents per kilo of tissue water. 





: l 
Total base Total base 








| Tissue | Na | K Ca Me | & ase | — 
1 | Skin | 91.3) 14.7/ 5.1 16.3 | 127.4| 136.6 | 49.2 
2 | “ |1183.8/ 16.0) 9.9 | 16.5 | 156.2| 154.2 | —2.0 
3 * 90.4/ 19.2) 9.4 | 19.0 | 138.0| 144.2 | +6.2 
4 «| 122.2} 35.1) 16.9 | 10.7 | 184.9) 173.5 | -11.4 
5 | “ | 140.7] 25.9| 10.7 | 11.5 | 188.8) 192.0 | 43.2 
‘ | « | 116.9| 32.6| 8.3 | 8.2 | 166.0) 170.6 | +4.6 
7 “ | 118.8] 13.3) 6.0 | 14.0 | 152.1| 152.0 | -0.1 
8 | « | 118.0| 29.4| 7.0 | 20.6 | 175.0 173.2 | -1.8 
9 | “ | 102.7] 44.2/ 8.7 | 9.0 | 164.6| 168.6 | —4.0 
1 | « (415.3! 57.1/| 20.4 | 18.2 | 211.0) 222.8 | +11.8 
11 | “ | 188.5} 55.2/ 14.9 | 13.4 | 272.0| 271.0 | -1.0 
12 | Liver | 84.2} 77.0| 6.3 | 17.3 | 184.8/ 185.0 | 40.2 
3 | “ | 98.1] 97.4) 4.7 | 20.5 | 215.7] 223.0 | +7.3 
14 | Muscle| 55.6 | 109.7) 6.1 | 18.1 | 189.5] 189.0 | —0.5 
5 | “ | 52.6] 118.6 | 4.6 | 23.2 | 199.0] 192.5 | —6.5 











of the anticipated results was clinical diagnosis, degree of disturb- 
ance of acid-base balance, or determination of base by other 
methods. Approximately ten samples of serum and urine from 
three patients, however, gave results which suggested the presence 
of an unidentified organic or volatile base other than ammonia. 
This conclusion was reached because the results of repeated deter- 
minations of total base by electrodialysis were considerably in 
excess of those that were determined by analysis of individual 
ions usually present. Several of the samples were ashed and total 
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base repeated by electrodialysis. The subsequent analyses agreed 
with the sum of the individually determined ions. The dis- 
crepanc’ in unashed specimens was observed in specimens from 
hospitalized patients only. It never was observed in the serum 
or urine from healthy persons. 

Application of the improved unit to tissue analysis proved 
satisfactory, as is shown by the data for samples of normal and 
pathological tissues given in Table VII. All of the samples of 
skin were removed from living persons with the aid of local anes- 
thesia. The samples of muscle and liver were obtained at autopsy. 
The base concentrations should not be interpreted as normal 
values, even though the tissues appeared normal, for all of the 


Tasie VIII 
Recovery of Base by Electrodialysis from Treated and Untreated Muscle 
Concentrations are given in milliequivalents per kilo of tissue. 


Sample No. | Asked) — iinet bel 
16 143.5 139.5 
17 115.3 114.5 
18 134.3 | 135.3 134.0 
19 131.3 130.3 131.3 
20 | 138.8 | 137.2 
21 141.6 139.5 


22 114.7 114.5 
patients were suffering from a metabolic disturbance. The several 
bases were determined individually and their summation com- 
pared with total base as determined by electrodialysis. Since it 
is difficult to sample tissue, the discrepancies in most instances 
can be charged to inadequacy of sampling. 

It seems unnecessary to mince or to ash tissue before analysis. 
In Table VIII are presented data of analyses of muscle with and 
without special preparation. The experimental material was 
obtained with the aid of local anesthesia from seven patients 
suffering from various metabolic dyscrasias. Total base was 
determined by electrodialysis in each specimen. Recovery of 
base from untreated whole tissue appeared to be as high as from 
muscle which had been ashed or minced before analysis. 
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The amount of tissue taken for electrodialysis is important. 
This is illustrated by observations given in Table IX. Two sam- 
ples of skin were ashed and concentration of total base determined 
by electrodialysis. These values are assumed to represent 100 
per cent recovery. The remainder of each specimen of tissue was 
sliced into samples that weighed between 0.2 and 0.6 gm. Re- 
covery of base was complete in the small samples and incomplete 
in the large ones. The optimum amount of tissue is approximately 
0.2 gm. The incomplete recoveries in the larger samples of un- 
treated tissue were believed to be caused by poor diffusion of base 
from the cellular mass. The large quantity of calcium and mag- 


TaBLe IX 
Recovery of Tissue Base by Electrodialysis As Function of Size of Sample 





Total base ashed Total base untreated 


Sample No. | Weight of sample | before analysis before analysis 
gm, m.eq. per kg. m.eq. per kg. 

23 | 0.215 135.3 136.4 
0.290 133.8 

0.430 | 123.2 

0.620 | 124.3 

24 0.197 130.2 134.5 
0.227 133.0 

0.263 127.1 

0.348 | 129.0 








nesium present is a further complicating factor. Recovery of 
these substances is complete only when small amounts are present. 
Electrodialysis of untreated tissues is not suitable, therefore, for 
determination of total base in samples which contain pathological 
deposits of calcium and magnesium. 

The electrodialysis apparatus may be used for determination of 
ammonia in urine or in other biological fluid. It is more laborious 
than the aeration method described by Van Slyke and Cullen (13) 
but has one advantage; i.e., small amounts of material may be 
used. The determination may be made by one of two procedures. 
Total base may be determined directly and again after ashing. 
The difference represents volatile or organic base. It is principally 
ammonia. An alternate procedure is to set up a unit as for a 
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routine analysis of total base but to substitute a platinum nail 
for the membrane tube. The current is allowed to flow until the 
milliameter is constant. This requires no more than 3 hours. 
The platinum cathode is removed and rinsed and a prepared 
membrane cathode put in its correct place. Electrodialysis is 
allowed to proceed as usual. Only non-volatile base is determined 
by this procedure. The difference between total base «nd non- 
volatile base is assumed to be ammonia. 


SUMMARY 


This communication describes a modified unit for the deter- 
mination of total base by electrodialysis. Its application is de- 
scribed for the determination of base in serum, blood cells, urine, 
tissues, and other biological media. Approximately 0.2 ml. or 
0.2 gm. of material is adequate. Recovery of total base is 
complete. 

Comparison was made between recovery of base by electro- 
dialysis and by determination of ions individually, by the gravi- 
metric procedure, by the barium iodate method described by Van 
Slyke and associates, and by the benzidine sulfate method of 
Hald. Agreement was satisfactory with all of the methods except 
that described by Hald. 
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A STRUCTURAL INTERPRETATION OF THE ACIDITY OF 
GROUPS ASSOCIATED WITH THE HEMES OF HEMO- 
GLOBIN AND HEMOGLOBIN DERIVATIVES 


By CHARLES D. CORYELL anno LINUS PAULING 


(From the Department of Chemistry of the University of California at Los 
Angeles, Los Angeles, and the Gates and Crellin Laboratories of 
Chemistry,* California Institute of Technology, Pasadena) 


(Received for publication, October 25, 1939) 


Since the discovery by Bohr and coworkers in 1904 of the effect 
of acidity on the oxygen equilibrium of hemoglobin, there have 
been a large number of investigations directed towards clarification 
of the physicochemical relationships of acid groups with the hemes 
in hemoglobin and its derivatives. It is the purpose of this paper 
to analyze modern quantitative data, including those for ferri- 
hemoglobin (methemoglobin), in order to throw new light on the 
general problem, to establish the ionization constant of an acid 
group in ferrihemoglobin previously unrecognized, and to give a 
structural interpretation of shifts in the pK of groups caused by 
changing chemical environment. 


Characterization of the Acid Groups by pK Values 


In recent papers (1) Taylor and Taylor and Hastings have 
summarized results of a detailed investigation of the hemoglobin 
electrode potential in the pH range 5 to 9, obtained with borate 
and phosphate buffers of ionic strength 0.1 to 0.2. When the 
potentials measured for solutions containing equal quantities of 
horse ferrohemoglobin and ferrihemoglobin are plotted against 
pH, there is obtained a line with slope AE,/ApH of zero at pH 5, 
curving smoothly to a line of slope —0.06 (—2.30 RT/F) between 
pH 8 and 9, and the points are satisfactorily represented by the 
well known theoretical £.m.F.-pH equation with the assumption 
of an acid group of pK 6.65 for the oxidized form. No evidence 
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was observed in the data Dr. Taylor has kindly put at our disposal 
for other pK values for either the ferro or the ferri form. 

It is of interest to correlate this information about ionization 
constants of groups connected with the hemes with what is already 
known about the ionization constants of groups in ferrohemoglobin 
and ferrihemoglobin. Wyman’s analysis (2) of the German and 
Wyman (3) differential acid-base titration data between ferro- 
hemoglobin and oxyhemoglobin established the existence in ferro- 
hemoglobin of two acid groups of pK 5.25 and 7.81 whose pK 
values are shifted upon oxygenation to 5.75 and 6.80. Hauro- 
witz (4) showed the existence of an acid group in horse ferrihemo- 
globin of pK 8.2, a value which has been checked at ionic strength 
0.10 for dog hemoglobin spectrophotometrically as 8.10 by Austin 
and Drabkin (5) and for cow hemoglobin magnetometrically as 
8.07 by Coryell, Stitt, and Pauling (6). 

There have thus been recognized four acid groups associated 
with the hemes of ferrohemoglobin or ferrihemoglobin with pK 
values in the range 5 to 9, each of which is of significance to the 
physical chemistry of hemoglobin. The electrode potential E. 
of a one-step system at half reduction is commonly expressed by 
the general equation 


E, = Eo+ - [>= In (K, + H*) — Yn (K, + B*)] (1) 


where K, is the acid constant of the ferro or reduced form, and K, 
that of the ferri or oxidized form. The great majority of the acid 
groups of the protein parts of hemoglobin compounds has identical 
values of K, and K, and leads to no observable effect of pH on E;. 
If a value of K, for one acid group accidentally agrees with a 
value of K, for another, a similar cancelation of effects occurs. 
Now the decrease of magnetic susceptibility observed (6) in solu- 
tions more acid than pH 6 and the decrease in the dissociation 
constant of ferrihemoglobin fluoride in acid solutions noted by 
Lipmann (7) point to the existence of a previously unrecognized 
heme acid group in ferrihemoglobin with a relatively low pK value, 
whose ionization affects somewhat the magnetic properties of 
ferrihemoglobin and the affinity of the iron atom for fluoride ion. 
The existence of this acid group is made certain by the fact that 
the values of EZ’) of Taylor are constant between pH 5.0 and 6.0, 
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which requires that ferrihemoglobin possess an acid group with 
pK practically identical with that, 5.25, of the known (2) acid 
group of ferrohemoglobin. 

We estimate that a difference in pK values of the two groups 
greater than 0.2 would have produced an observable effect in the 
electrode potential data in this pH range, and we assign to the 
new acid group the approximate pK value 5.3. 

A similar cancelation seems to occur in the potentiometric 
study, within experimental error, between the pK of ferrihemo- 
globin at 8.1 and that of ferrohemoglobin at 7.81. The effect on 
E; of the ferrihemoglobin acid group with pK 6.65 (change of slope) 
would tend to mask the small effect (about 18 millivolts extended 
over 2 pH units) of the real difference in pK of these two acid 
groups. 

It is interesting that oxyhemoglobin and carbonmonoxyhemo- 
globin have identical pK values, as shown by the work of Hartridge 


TaBie I 
Heme-Linked Acid Groups in pH Range 4.6 to 9 
Hb+ pK, = 5.3 a pj PKs = 6.65 Si, Mi, Po pKs = 8.10 So, 7 Pi 
Hb pK, = 5.25 Mi pK, = 7.81 Si, Mi 


Bee PK = 5.75 Mi, Po pK; = 6.80 Si, Mi, Po 

(8) on the oxyhemoglobin-carbonmonoxyhemoglobin equilibrium, 
which is independent of pH over the range from the point of acid 
destruction of oxyhemoglobin (about pH 6) to quite alkaline 
solutions. It will be of considerable importance to determine pK 
values of such groups associated with the hemes in other hemo- 
globin derivatives; the case discussed above suggests that only a 
relatively small number of different categories exist. Russell and 
Pauling (9) report an additional acid group with pK 9.5 in the 
covalent ferrihemoglobin-imidazole complex. It seems probable 
that this group is the imino group in the imidazole ring rather than 
another acid group of ferrihemoglobin. 

The pK values of the known acid groups associated with the 
hemes of ferrihemoglobin (Hb*+), ferrohemoglobin (Hb), and 
oxyhemoglobin and carbonmonoxyhemoglobin (HbO, and HbCO) 
are collected in Table I. They are numbered in the order of in- 
creasing pK values, and are described by the symbols S, M, and 








772 Acid Groups in Hemoglobin 


P, denoting spectrophotometrically, magnetometrically, and 
potentiometrically, respectively, and o or 7, denoting operative or 
inoperative. Since each acid group has a definite effect in any 
physicochemical equilibrium involving the substance containing 
it, all are of the class Po, but Pi is used with brackets where can- 
celation occurs among these in the ferrohemoglobin-ferrihemo- 
globin electrode potential. 

The two acid groups of ferrohemoglobin have been called the 
“‘oxy-labile” groups. Since the acidity of these groups has been 
shown to be affected by the oxidation to ferrihemoglobin, it is 
proposed that the more general name heme-linked groups be used 
for them instead. For convenience we designate the various 
heme-linked acid groups which give rise to pK;, pKe, and pK; 
as Groups I, II, and III respectively, and the forms of hemoglobin 
derivatives predominating in the pH ranges just before neutraliza- 
tion has proceeded half-way as forms I, II, and III.. In the case 
of ferrihemoglobin, the form occurring in alkaline solution with all 
acid groups neutralized has been recognized as the hydroxide 
complex, HbOH (6). 


Magnetometric Evidence for Value of pK, of Ferrihemoglobin 

From the data reported in Table III of Coryell, Stitt, and 
Pauling (6) we have been able to check indirectly the value of 
pK, for ferrihemoglobin given in Table I. The magnetic data 
were treated assuming the value 5.30 for pK, and a calculation 
made of the effect of the acid form in lowering the observed sus- 
ceptibility below the asymptotic value given in Fig. 1 of the 
Coryell, Stitt, and Pauling paper. Their figure has been amended 
and is presented here as Fig. 1. The broken portions of Curves 
A and B represent the asymptotic susceptibility which applies to 
the second form (Hbt+ II). The solid curve falling off in the acid 
range was calculated for the value 5.30 for pK, and the value 
12,570 X 10~* c.a.s.u. for the molal paramagnetic susceptibility 
of the most acid form (corresponding to an increase in suscepti- 
bility on the loss of the proton of 1500 K 10-*). The average 
deviation of the points in the acid range is 110 X 10~*, comparable 
to deviations found in the other magnetic studies. This is ac- 
cordingly a satisfactory treatment of the magnetic susceptibility 
data for ferrihemoglobin in the pH range from 5 to 12. We 
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estimate that the magnetic determination of the value 5.30 for 
pK, is reliable to about 0.2 unit. The data show that ionization 
of the second acid group (pK: = 6.65) causes no change in mag- 
netic properties. 

The approximation of two points close to the fluoride Curve C 
in the acid range (pH ~ 5.3) indicates either that the first acid 
group of ferrihemoglobin fluoride does not ionize in the range 
investigated or that it is magnetically inoperative. (The data 
of Lipmann (7) are not extensive enough for a quantitative treat- 
ment of this question.) The inflection at pH 9.6 on this curve is 
that for replacement of fluoride ion (bonded to the iron atom) 
by hydroxide ion in 0.34 m fluoride solution. 


Structural Interpretation of Acidity of Heme-Linked Acid Groups 


The reduction of ferrihemoglobin to give ferrohemoglobin is 
accompanied by the loss of one plus charge for the iron atom, and 
one acid group for the molecule in the range which has been ex- 
plored (Table I). The formation of ferrihemoglobin fluoride 
involves bonding the fluoride ion to iron by an ionic bond (6), 
and the fluoride ion is displaced by the hydroxide ion in alkaline 
solution. Since reaction with fluoride gives rise to an apparent 
shift in pK; of ferrihemoglobin in accord with the physicochemical 
requirements of this equilibrium (6) (see Fig. 1), we conclude that 
the corresponding acid Group III is due to the ferric atom itself. 
The behavior of a positive ion as an acid group is a well known 
phenomenon, as for instance in the first step of hydrolysis of the 
free ferric ion. 

It seems reasonable, furthermore, that there are two other acid 
groups associated with the hemes, for which changes in the bond- 
ing of the iron atom give rise to the various values observed for 
pK, and pKe. Wyman (2) has already concluded from a consider- 
ation of the pK values themselves and of the heats of ionization 
(about 6500 calories per equivalent) of the group that both of these 
acid groups are due to imidazole groups of histidine residues con- 
tained in the globin part of the molecule. We present here 
structural explanations for the shifts from the values observed in 
ferrohemoglobin caused by complex formation (with oxygen or 
carbon monoxide) and by oxidation. 

Let us first consider acid Group II. Since the iron atom is 








BO + OO eee Ne 


“ ' — Ww 


or SS eve wa ww 











C. D. Coryell and L. Pauling 775 


held by essentially ionic bonds in ferrohemoglobin (10) and also 
in ferrihemoglobin (6), the chief effect of oxidation is to increase 
the positive formal charge on the iron atom by 1 unit. This is 
seen to have the effect of decreasing pK: by 1.16 units. Assuming 
that the electrostatic interaction of the iron atom and the proton 
of the acid group is solely responsible for this change in pK, 
we can estimate roughly the distance between acid Group II and 
the iron atom from comparison with some dipositive acids such 
as the salts of the alkyl diamines. The first and second pK values 
of propylenediamine and butylenediamine differ by 2.04 and 1.54 
units, respectively (11). These values must be decreased by log 
4 or 0.60 for the symmetry effect, which does not operate between 
the chemically unlike second and third acid groups of ferrihemo- 
globin. The observed decrease in pKy on oxidation of the iron 
atom lies between the corrected diamine differences (ApK) 1.44 
and 0.94. The distance between the nitrogen atoms of the two 
diammonium salts, assuming extended configuration and the 
angles and distances given by Pauling (12), are 4.94 and 6.27 
A., respectively. We conclude that acid Group II of ferrohemo- 
globin and ferrihemoglobin is roughly 5 A. from the iron atom, 
about the expected distance between an iron atom near one of the 
ring nitrogen atoms of a histidine residue and the second nitrogen 
atom of the ring. 

On combination of ferrohemoglobin with oxygen or carbon mon- 
oxide, the bonds to the iron atom change from the essentially 
ionic to the essentially covalent type (10). In order to explain 
the shift in pK, caused by this change (ApK, = —1.01 units), 
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we make the assumption that the iron atom is close to one of the 
histidine heterocyclic nitrogen atoms. Important structures 
contributing through resonance to the normal states of the two 
compounds are shown in the accompanying diagrams. Only the 
imidazole skeletons of the histidine residues and the 4 nitrogen 
atoms of the porphyrin group are shown. 

The effect of resonance on acid strength may be discussed in the 
following way (12). If Structure A alone represented the normal 
state of oxyhemoglobin, the acidity of the NH group of the imid- 


azole ring would be very low, since the structure —-N—H is char- 


acteristic of amines (such as dimethylamine) which are basic 
rather than acidic. If Structure B alone represented the normal 
state, the group would be rather strongly acidic; the gooup =N+—H 
| 
in the pyridinium cation,' for example, has pK, = 5.1. With 
resonance between Structures A and B, the group should be some- 
what less acidic than the pyridinium cation. This is observed 
for imidazole derivatives of this type; thus the observed value 
(13) of pK for the N-methylimidazolium cation is 7.35. For the 
imidazolium ion itself the observed value of pK, 6.95, becomes 7.25 
when corrected by the amount of log 2 to correct for the presence 
of 2 equivalent ionizable hydrogen atoms; and the imidazolium 
group in the histidine cation (14) has pK = 6.04, which becomes 
6.34 on correction, the change from the imidazolium value being 
attributable to interaction with the charges in the ionized amino 
and carboxyl groups of the amino acid. Some variation in sub- 
stituted imidazoles is to be expected also because of the difference 
in electronegativity of the attached groups. We would predict 
on the basis of our postulate about the structure of oxyhemoglobin 
that pK; for this substance should lie in this region, near 7; the 
observed value, 6.80, is in satisfactory agreement with this 
prediction. 

A qualitative prediction of the effect on pKe of removing the 
oxygen molecule can be made, in the following way. Structures 
A and B for oxyhemoglobin are seen to be closely similar (they 
are equivalent in the imidazolium ion), and hence they contribute 


1 The Kekulé-like resonance in this substance is not expected to affect 
the acidity very greatly. 
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nearly equally to the normal state of the molecule. The decrease 
from large contribution of a structure of the type of Structure 
B (pyridinium ion) to a contribution of about 50 per cent is ac- 
companied by an increase in pK by about 2 units. Now in 
ferrohemoglobin itself Structure B’ makes a still smaller contribu- 
tion than 50 per cent, because this structure, with separated 
electric charges, is less stable than Structure A’, in which the nitro- 
gen atoms have their normal covalence; hence it is predicted with 
certainty that the change of bond type for the iron atom accompanying 
removal of the oxygen molecule must be accompanied by a decrease 
in the acidity of the attached imidazole group. A quantitative 
prediction of the magnitude of the expected change in pK: from 
oxyhemoglobin to ferrohemoglobin cannot be made at present; 
but the observed change from 6.80 to 7.81 is reasonable, in the 
light of the above discussion. 

In explaining the changes in pK, recorded in Table I we make 
use of the suggestion of Conant (15) that a second imidazole ring 
of a histidine residue lies near the opposite side of the porphyrin 
ring from the one responsible for acid Group II. We assume that 
the 3-nitrogen atom of this ring is restrained by the configuration 
of the hemoglobin molecule to a relatively unfavdrable position 
for electrostatic coordination with the iron atom, so that a proton 
can be added, breaking the bond to the iron atom, at high enough 
acidity. These assumptions explain the occurrence of the low 
pK, value 5.25 in ferrohemoglobin for the imidazolium structure 
postulated for acid Group I. The coordination of the iron atom 
with an oxygen molecule on the same side of the porphyrin ring 
would be expected to prevent the interaction with the iron atom 
and thus to make the imidazolium group show more nearly the 
same pK value as in histidine itself (pK = 6.04). 

On oxidation of the iron to the ferric form, the pK; value would 
at first sight be expected to be lowered, as is the pK: value; in- 
stead, no appreciable change is observed. If, however, after 
addition of a proton to the imidazole group a water molecule 
coordinates (through dipole attraction) with the iron atom in the 
ferric state more strongly than with it in the ferrous state, the 
corresponding extra stabilization of the acid form by the water 
molecule will tend to offset the expected decrease in pK; when the 
iron atom is oxidized. The cancelation of these effects seems to 
be complete. 
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It is noteworthy that physicochemical analysis offers the main 
method for studying the nature of the binding of the prosthetic 
group to the protein in hemoglobin. Without doubt, theories 
which stand the test of further experimental investigation of this 
substance will be of general value in the study of other heme 
pigments. The spectroscopic study of the acid groups of ferricyto- 
chrome C by Theorell and Akesson (16) together with the as 
yet unpublished new magnetic studies carried out in these labora- 
tories by Theorell illustrates this point. 


We are indebted to Dr. J. F. Taylor of Harvard University for 
making the results of his experiments available to us before their 
publication in detail. 


SUMMARY 


The existence of an acid group interacting with the heme in 
ferrihemoglobin (methemoglobin) with the pK value 5.3 has been 
established from the consideration of electrode potential data and 
magnetic susceptibility data. The magnetic susceptibility of 
ferrihemoglobin over the pH range 5 to 12 has now been completely 
correlated with heme-linked acid group ionizations. 

A table is presented giving the spectroscopic and magnetic 
characteristics of the three known heme-linked acid groups of 
ferrihemoglobin, the two of ferrohemoglobin, and the two of 
oxyhemoglobin and carbonmonoxyhemoglobin occurring in the pH 
range 4.5 to 9.5. An explanation is offered for the fact that only 
one effective pK value is observed in studies of the ferrohemo- 
globin-ferrihemoglobin electrode potential. 

Structural interpretations of the acidity of the heme-linked acid 
groups in hemoglobin and the changes in acidity caused by oxy- 
genation and oxidation are given. It is postulated that acid 
Group I is a histidine imidazolium ion in poor position for electro- 
static coordination of the basic form with the iron atom, and that 
acid Group II is the imino group of a histidine residue (on the 
opposite side of the porphyrin ring from acid Group I) whose 
3-nitrogen atom is strongly coordinated by either an essentially 
ionic or an essentially covalent bond with the iron atom. Acid 
Group III of ferrihemoglobin is the iron atom itself, which may 
add hydroxide ion, or a water molecule coordinated to the iron 
atom, which may lose a proton. 
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LETTERS TO THE EDITORS 





A COMPARISON OF THE OPTICAL FORMS OF 
GLUTAMIC ACID FROM NORMAL AND 
CANCEROUS TISSUE 


Sirs: 


The work of K6égl and Erxleben' has indicated that a large 
proportion of the glutamic acid obtained by hydrochloric acid 
hydrolysis of cancerous tissues appears as the d(—) form. It 





























Jensen sarcoma rats 
eaaeaiil —__—.| Liver of normal rats 
Tumor Liver 
2 leg | | eg 
2 zi lie 2 shige gs. 7é 
= oe = —-.-¢ os vo 
s eee Se 
gm | degrees | on. | ees | ga. | deans | 
ccs dds 149 | | 154] | en | | 
- ~ F | 43 } | 46 | 
Crude glutamic acid | 
hydrochloride. .... .|2.6 | fat | (5.47 | 
Recrystallized 3 | 
times..............|0.774/+31.4|  0.929/4+31.7) [2.40 |431.5 | 
Concentrated mother 
liquors of above... 1 .376}+12.8) | — (0.858}+29.8 | 
Recrystallized once. ./0.478|+15.6, (0.588/+23.9, (0.649,+31.1 
Reerystallized twice. |0.251|+17.2/23.0)0.384)+27.1) 7.1 
Crystals from mother | | 
liquors of above. ...{0.262'-+414.9'26.310.360|+17.0/23.00.538) +2.4 
Reerystallized again. | | | 0.810) +1.88)47.0 


Calculated for total | Lal | | 
crude glutamic acid | (2.6 /3.9) | 2.4 
Pure 1(+)-glutamic | | | 
acid hydrochloride} |+31.5) | | | | | | 








seemed desirable to make a study of the Jensen rat sarcoma. Fur- 
thermore, the normal livers of rats bearing this tumor as well as 
the livers from normal rats were used for comparison. The dried 


' Kégl, F., and Erxleben, H., Z. physiol. Chem., 268, 57 (1939). 
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tissues were hydrolyzed by gentle boiling with 20 per cent hydro- 
chloric acid for 30 hours. Glutamic acid was isolated from the 
hydrolysate by hydrochloric acid precipitation, with barium salt 
treatment of the filtrate. The crude glutamic acid hydrochloride 
was recrystallized from 20 per cent hydrochloric acid to constant 
specific rotation. The mother liquors from the crude glutamic 
acid hydrochloride were concentrated under reduced pressure at a 
temperature under 45°. The crystals obtained were recrystallized 
from 20 per cent hydrochloric acid to constant rotation. The 
presence of cystine as a cause of the lowered rotations was ruled 
out each time by a nitroprusside test after reduction with sodium 
cyanide. 

The results indicate that, whereas 1(+)-glutamic acid is the 
principal constituent of the glutamic acid fraction from tumor and 
from normal liver tissues, it seems probable that a small amount 
of d(—)-glutamic acid is also present in the hydrolysate of normal 
as well as tumor tissue. These findings suggest the possibility 
of a slight racemization during hydrolysis of the protein. 


United States Public Health Service J. M. Jonnson 
National Cancer Institute 
Washington 
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THE RELATION OF THE FOLLICLE-STIMULATING 
ACTIVITY OF FRESH PITUITARY TISSUE TO 
THE ACTION OF THE ENZYMES CON- 
TAINED IN THE TISSUE 


Sirs: 


It has been shown that the follicle-stimulating hormone con- 
tained in aqueous extracts of sheep pituitary powder is not inac- 
tivated by digestion with commercial or crystalline trypsin, while 
the luteinizing activity is destroyed by trypsin.' This finding 
suggested that under the proper conditions the proteolytic enzyme 
(probably cathepsin) of fresh pituitary tissue might inactivate 
the luteinizing hormone without the destruction of the follicle- 
stimulating activity. This assumption was substantiated by pre- 
liminary experiments with fresh tissue treated according to the 
procedure given in this communication. 

Fresh sheep pituitaries were ground finely while still frozen and 
thoroughly mixed with 2 volumes of distilled water. The suspen- 
sion was adjusted to pH 4.2 by the addition of acetic acid, followed 
by incubation at 37° for 8 hours. The digest was centrifuged and 
both the residue and the clear supernatant liquid were tested by 
subcutaneous administration over 4.5 days to normal rats 21 
days old. 

The ovaries from the rats that received the supernatant liquid 
in doses of 1 and 2.5 gm. equivalents of fresh tissue had an average 
weight of 40 and 65 mg. respectively and contained follicles only, 
while the residue from the digest was inactive. The suspension 
of pituitary tissue that was kept in the cold at pH 4.2 and used as 
control produced ovaries that contained many corpora lutea. 

When the clear supernatant extract which contained the follicle- 
stimulating activity was separated from the insoluble residue of 
the digest and added to 4 volumes of acetone, a stringy substance 
precipitated immediately. This substance did not contain gonad- 


' McShan, W. H., and Meyer, R. K., J. Biol. Chem., 126, 361 (1938). 
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otropic activity and was removed readily from the cloudy acetone 
solution. The follicle-stimulating activity which remained in the 
acetone solution was recovered and was found to be associated 
with relatively little solid material. 

The indications are that it may be possible to use this inexpen- 
sive and simple procedure in the preparation of follicle-stimulating 
material of low solid content, and that further information in 
regard to the chemistry of the hormone may be gained from 
material obtained by this method. 


Department of Zoology W. H. McS#an 
Zoological Laboratory Ro.anp K. Meyer 
University of Wisconsin 
Madison 
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INCREASING THE RATE OF EXCRETION OF SELENIUM 
FROM SELENIZED ANIMALS BY THE ADMINISTRATION 
OF p-BROMOBENZENE* 


Sirs: 

It has been shown by Stekol' that p-bromobenzene adminis- 
tered to animals is detoxified by conjugation with tissue cystine 
and methionine and excreted in the urine as p-bromophenyl- 
mercapturic acid. Since selenium occurs in the body proteins of 
animals fed seleniferous diets, and since it is possible that it may 





Days after administration of CsH;sBr* began 




















Before CcHsBr ieee _ 
| 8 | 0 ff ee eee 
Se in blood, p.p.m. 

3.33 | 1.46 | 1.33 | 0.16 | 0.02 0.000 2.4 
2.53t 0.19 | 0.16 | 0.16 0.000 0.000 2.0 
Se in urine, p.p.m. 

r[alsleljsle 7 | 9 | a! a! «| 16 | 20 
0.393 2.66 |1.12/1.801.04'1.002.201.20 1.4, | 1.0) 1.6 2.0 





0.705 0.4610. 96|1 .920.58,0.90}1.80)1.10) 0.8) 2.4) 1.6) 1.2) 4.0] 1.5 








* Daily dosage per head Ist to 4th day, 10 ec., 5th to 8th day, 5 cc., 
9th to 14th day, 2.5 ce. 
7 Steer 95. tf Steer 96. 


replace sulfur in amino acids, it became of interest to determine 
whether or not selenium would appear in p-bromophenylmer- 
capturic acid isolated from the urine of selenized animals. 
Experiments were conducted on selenized dogs which had been 
fed a diet containing 10 p.p.m. of selenium in the form of selenifer- 
ous corn and on steers which were grazing on a seleniferous range. 


* Approved for publication by the Director of the South Dakota Agri- 
cultural Experiment Station. 
'Stekol, J. A., J. Biol. Chem., 117, 147 (1937). 
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During the course of the work with the dogs it was observed that 
the rate of selenium excretion was greatly increased by the ad- 
ministration of the p-bromobenzene. This observation led us to 
administer the compound (for 14 days) to “‘alkalied”’ steers which 
had been grazing on seleniferous vegetation for 5 months and 
showed typical symptoms of selenium poisoning. The steers 
continued on the same feed during treatment. Results on the 
two most severely selenized steers are shown in the table. 

Blood and urine selenium levels of other selenized steers showed 
similar trends following the administration of p-bromobenzene. 
No selenium could be detected in protein-free filtrates of blood 
from these steers, and the total selenium content of the blood was 
accounted for by analysis of the blood protein precipitate. 40 
days after the termination of the treatment the selenium levels 
in the blood of the steers had risen almost to the initial levels. 
The p-bromobenzene appears to aid the organism in excreting the 
selenium by taking it from the proteins of the blood and tissues, 
possibly as selenium-cystine and selenium-methionine which are 
conjugated with the p-bromobenzene and excreted as the mer- 
capturic acid. p-Bromobenzene has recently been used with 
excellent results in the treatment of a human case of selenium 
poisoning.? 


South Dakota Agricultural Experiment Station Atvin L. Moxon 
Brookings A. E. ScHAEFER 
H. A. Larpy 
K. P. DuBots 
O. E. O_son 
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? Personal communication, Dr. R. E. Lemley, Rapid City, South Dakota. 
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THE COMPOSITION OF UNSAPONIFIABLE LIPIDS* 


Sirs: 


In the course of an investigation of lipid metabolism in the brain 
and other tissues the unsaponifiable lipids were isolated from the 
carcass (less brain, liver, and intestinal tract) of rats in which the 
body water had been enriched with deuterium for 4 to 7 days. 
The deuterium content of this fraction was surprisingly high, 
exceeding in most rats that found in any organ studied (brain, 
liver, and intestine). Hence the portions of unsaponifiable ma- 
terial of the carcass remaining after deuterium analysis were 
pooled from four adult rats and thirteen 30 and 40 day-old rats 
(1298 mg., 0.25 atom per cent deuterium). Cholesterol was re- 
moved by precipitation with digitonin (370 mg., 0.19 atom per 
cent deuterium). The cholesterol-free unsaponifiable fraction (B) 
was extracted with petroleum ether from the filtrate after ad- 
dition of alkali (583 mg., 0.30 atom per cent deuterium). Fatty 
acids which had not been removed in the original isolation were 
extracted after acidification (189 mg., 0.14 atom per cent deu- 
terium). From 444 mg. of unsaponifiable Fraction B hydroxy 
compounds (alcohol fraction) were separated as the half esters of 
succinic acid, according to Dutcher and Wintersteiner' (126 mg., 
0.43 atom per cent deuterium). From 244 mg. of the non- 
alcoholic fraction keto compounds were separated with Girard’s* 
reagent (159 mg., 0.22 atom per cent deuterium). The remaining 
(hydrocarbon ?) fraction (33 mg.) contained 0.24 atom per cent 
deuterium. The losses which occurred during the fractionation 
make an exact balance sheet impossible. 

The findings which we wish to emphasize are first, the proximity _ 


* This investigation was supported by a grant from the Friedsam Fund 
donated to the Division of Child Neurology, Neurological Institute, 
New York. 

! Dutcher, J. D., and Wintersteiner, O., J. Am. Chem. Soc., 61, 1992 
(1939). 

* Girard, A., and Sandulesco, G., Helv. chim. acta, 19, 1095 (1936). 
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of deuterium concentrations in the cholesterol, keto, and hydro- 
carbon fractions, suggesting a close metabolic relation among 
them, and, secondly, the high isotope content of the alcohol frae- 
tion which contained approximately twice as much deuterium as 
the other unsaponifiable fractions and more with few exceptions 
than any fatty acid fraction isolated from any tissue during this 
work. The latter finding suggests that the compounds comprising 
the alcohol fraction are intermediates in the synthesis of fatty 
acids. An alternate interpretation would be that they are formed 
in the dismutation of aldehydes (plasmal*) in vivo or in vitro 
during alkaline hydrolysis. The investigation of the unsaponifi- 
able fraction with deuterium as an indicator is being continued, 
with particular attention to the possible réle of aldehydes in its 
genesis and in the synthesis of fatty acids. 


Department of Biochemistry Heinrich WAgELSCH 
New York State Psychiatric Institute and Hospital Warren M. Sperry 
Departments of Neurology and Biochemistry 
College of Physicians and Surgeons 
Columbia University 
New York 
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* Feulgen, R., and Bersin, T., Z. physiol. Chem., 260, 217 (1939). 
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OBSERVATIONS ON THE FACTOR CURATIVE OF 
NUTRITIONAL ACHROMOTRICHIA 


Sirs: 


In rats kept on a basal diet deficient in vitamin B and supple- 
mented with vitamin B,, riboflavin, and vitamin B, cutaneous 
lesions may appear which, in several instances, may become 
severe and even generalized.' In the same group of rats fur altera- 
tions also can be observed in the form of depigmentation (“gray- 
ing’’) in piebald or black animals and of “rusting” in albino ani- 
mals. These fur chaages, which appear to be identical with those 
seen by several authors? in rats kept under similar nutritional 
conditions, were considered by Morgan et al.* and Lunde and 
Kringstad‘ to be due to lack of one of the filtrate factors. Re- 
cently Oleson et al.' reported that according to their experiments 
the dietary factor which prevents nutritional depigmentation of 
the fur (achromotrichia) in rats appears to be “distinct from all 
factors of the vitamin B complex which have thus far been identi- 
fied and associated with specific function in the nutrition of the 
rat.” 

In our curative experiments, when concentrates of pantothenic 
acid with a degree of purification up to 40 to 50 per cent were added 
to the vitamin B-free diet containing vitamin B,, riboflavin, and 
vitamin Bes, not only did the cutaneous lesions show distinct re- 
gression® but the blackening of the fur also became definitely 


! Gyorgy, P., J. Am. Chem. Soc., 60, 983 (1938). Gyérgy, P., and Eck- 
ardt, R. E., Nature, 144, 512 (1939). 

* Bakke, A., Aschehoug, V., aad Zbinden, C., Compt. rend Acad., 191, 
1157 (1930); Chem. Abst., 26, 989 (1931). 

* Morgan, A. F., Cook, B. B., and Davison, H. G., J. Nutrition, 15, 
27 (1938). 

‘Lunde, G., and Kringstad, H., Z. physiol. Chem., 267, 201 (1939). 

5 Oleson, J. J., Elvehjem, C. A., and Hart, E. B., Proc. Soc. Exp. Biol. 
and Med., 42, 283 (1939). 

* Gyérgy, P., Poling, C. E., and Subbarow, Y., Proc. Soc. Exp. Biol. 
and Med., in press. 
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evident. Administration of alkaline concentrates which had 
been autoclaved had no effect on either of these pathologic mani- 
festations. 

The first sign of blackening is a bluish discoloration of the skin, 
which is due probably to the first growth of normally pigmented 
hair shafts in the epidermis. Then the depigmented brown, gray, 
or white hair falls out and black fur appears. 

The curvative doses of the concentrates varied between 75 and 
200 y in terms of pantothenic acid. 

It should be pointed out that under the influence of concentrates 
of pantothenic acid the fur, as a rule, does not become completely 
black and depigmented areas often persist. In several rats the 
blackening progressively increased with larger doses. 

These findings explain the inability of Oleson et al.5 to prevent 
the appearance of achromotrichia, on the one hand, and the 
accomplishment of a delay in its appearance, on the other. 

In summary, concentrates of pantothenic acid, with a purifica- 
tion up to 40 to 50 per cent, appear to contain one factor but not 
the only factor concerned in the cure of nutritional achromotrichia 


in rats. 


* Babies and Childrens Hospital and the Depart- Pau. Grérey 


ment of Pediatrics C. E. Po.ine 
School of Medicine 
Western Reserve University 
Cleveland 


Department of Biological Chemistry YELLAPRAGADA SUBBAROW 
Harvard Medical School 
Boston 
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FRACTIONATION OF THE BACTERICIDAL AGENT FROM 
CULTURES OF A SOIL BACILLUS 


Sirs: 


The protein-free bactericidal material isolated from a spore- 
bearing soil bacillus' has been further purified and three crystalline 
preparations highly bactericidal for Gram-positive microorganisms 
have been obtained. Two acid substances are isolated by solution 
of the crude material in alcohol, precipitation with 15 volumes of 
ether, and fractional crystallization of the dried precipitate from 
hot absolute alcohol. The third substance, which we have named 
gramicidin, is concentrated by repeatedly recovering the fraction 
which remains soluble in alcohol on the addition of 15 volumes of 
ether but is insoluble in absolute ether. Crystallization is effected 
by extraction with a mixture of equal volumes of acetone and 
ether, evaporating the extracts, and cooling a solution of the resi- 
due in boiling acetone. From 100 gm. of crude material there 
were isolated in all about 60 gm. of acid of which at least the larger 
part could be separated as one or the other of the two crystalline 
acids and approximately 10 to 15 gm. of crystalline gramicidin. 
It appears probable that other active substances may be present. 
Residual fractions of alcohol-insoluble material and ether-soluble 
matter (fatty acid) are inactive. 

Of the acids the one least soluble in alcohol, designated graminic 
acid, crystallizes as colorless hexagonal prisms or platelets. The 
melting point is 232-234° (uncorrected). The other fraction, 
larger in amount, and more soluble in alcohol, we have called 
gramidinic acid. It crystallizes in clusters of microscopic needles, 
melting with decomposition at about 230°. 

Gramicidin crystallizes from acetone as characteristic spear- 
shaped, colorless platelets. These show a melting point of 228- 
230°. The substance is even more sparingly soluble than the acid 


1 Dubos, R. J., and Cattaneo, C., J. Exp. Med., 70, 249 (1939). 
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compounds in water and more soluble in alcohol and acetone. 
The specific rotations in 95 per cent alcohol solution are approxi- 
mately [a]? = —115° (graminic acid), —100° (gramidinic acid), 
and +5° (gramicidin). 

All three substances are very effective in killing Gram-positive 
microorganisms. An actively growing Type I pneumococcus 
culture is sterilized within 1 hour by the addition of 10 micro- 
grams of the acids or by 5 micrograms of gramicidin. 5, 2, or 
even 1 microgram of gramicidin when administered by the intra- 
peritoneal route will protect a large percentage of mice infected 
intraperitoneally with 10,000 fatal doses of virulent Type I 
pneumococci. Graminic and gramidinic acids in even much 
larger quantities, on the other hand, will not prevent the death of 
the animal. Similar results have been obtained with other Gram- 
positive microorganisms, while Gram-negative organisms are 
unaffected either in vitro or in vivo. 

Intraperitoneally 0.3 mg. of gramicidin will kill mice and smaller 
quantities will cause marked toxic reactions. It is evident from 
the few experiments already completed that the substance must 
be regarded as highly toxic. The non-protective crystalline acids 
appear to be considerably less toxic. 

Since the crystalline substances appear to be closely related, it 
is hoped that a chemical study of the differences between the pro- 
tective and non-protective substances may reveal some of the 
factors which make it possible for a bactericidal agent to be effee- 
tive in vivo. 

Hospital of The Rockefeller Institute for Medical Ro.wun D. Horcuxiss 
Research René J. Dusos 
New York 
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CHEMICAL PROPERTIES OF BACTERICIDAL SUBSTANCES 
ISOLATED FROM CULTURES OF A 
SOIL BACILLUS 


Sirs: 


This is an account of the preliminary chemical investigation of 
the crystalline bactericidal substances described in the preceding 
communication. Gramicidin, which has been most investigated, 
contains 62.7 per cent C, 7.5 per cent H, 13.9 per cent N. The 
molecular weight as determined in camphor is about 1400. Since 
with substances of this complexity the accuracy of the determina- 
tions is limited, an empirical formula will be presented only with 
certain reservations. The data can be represented by the formula 
CuHweNuOxu or formule differing from it by 1 or 2 atoms of 
carbon or hydrogen or by the difference C;sH;NO. 

Gramicidin contains neither free basic nor acidic groups. Upon 
acid hydrolysis a quantity represented by the above formula 
liberates (a) a total of 11 equivalents of non-volatile acid, (6) 11 
equivalents of basic groups, (c) 10 moles of a-amino acid (deter- 
mined by the Van Slyke ninhydrin procedure), (d) 2.4 moles of 
tryptophane (determined by colorimetric dimethylaminobenzalde- 
hyde reaction), (e) a fraction of a mole of a 14-16-carbon saturated 
aliphatic acid. Although tryptophane is fairly stable in acid when 
pure or in the absence of carbohydrates or aldehydes, some de- 
struction occurs and an error may result especially in (b) and (d). 
The substance contains neither methoxyl nor acetyl groups. 
Histidine, arginine, tyrosine, and ammonia have not been found 
in the hydrolysate. 

The above results suggest that gramicidin is essentially a poly- 
peptide containing 10 molecules of a-amino acids of which 2 or 3 
are tryptophane residues. These and the aliphatic acid account 
for about 85 to 90 per cent of the weight of the substance. The 
nature of the particular amino acids and the remaining constitu- 
ents of the molecule is being investigated. 

Graminic acid and gramidinic acid are similarly built up from 
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amino acids but contain one free carboxyl group per molecule, 
They appear to contain only one tryptophane group per molecule 
and furthermore each of them contains the amino acid tyrosine. 
Graminic acid (C 58.9, H 7.0, N 14.0) with a molecular weight of 
about 900 can be represented by the formula CyHesNsOn (with 
the same alternatives as for the formula given before). Grami- 
dinie acid appears to have a molecular weight of approximately 
1000. Completely reliable analyses have not as yet been ob- 
tained with this last compound. 

Through the cooperation of Dr. Fritz Lipmann of Cornell 
University Medical College indications have been obtained 
through the use of Krebs’ d-amino acid oxidase! that acid hydroly- 
sates of gramicidin and of gramidinic acid have nearly one-half 
their a-amino acids in the form of d- (the so called unnatural) 
amino acids. Provided racemization has not occurred to an 
unusually great extent during hydrolysis, therefore, it seems pos- 
sible to conclude that these bactericidal polypeptides contain a 
large proportion of d-amino acids. This possibility may have 
significance for the biological activity of the substances. 


Hospital of The Rockefeller Institute for Medical Ro. D. Horcnxiss 
Research René J. Dusos 


New York 
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1 Lipmann, F., Behrens, O. K., Kabat, E. A., and Burk, D., Science, 91, 
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Digitonide(s): Splitting, Bergmann, 
471 

Dipeptide(s): Racemization, acet- 
ylation with ketene, Cahill and 
Burton, 161 

Diphtheria: Intoxication, vitamin 
C, suprarenals, relation, Tor- 


rance, 575 
Drying: Biological materials, ap- 
paratus, Kaye, Leibner, and 
Connor, 195 

E 


Egg albumin: Denatured, iodoace- 
tic acid and, reaction, Rosner, 
657 
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Egg albumin—continued: 
Gelatin and casein interaction at 
surfaces, Moyer and Moyer, 
357 
Molecular weight, Bernhart, 189 
Electrokinetics: Surface chemistry, 
Moyer and Moyer, 357, 373 
Electrolyte(s): Kidney, normal and 
hydronephrotic, Eichelberger 
and Bibler, 645 
Uterus, estrogenic substance in- 
fluence, Talbot, Lowry, and 
Astwood, 1 
Enzyme(s): Pituitary, follicle-stim- 
ulating activity, relation, 
McShan and Meyer, 783 
Proteolytic, tumors, Fruton, Ir- 
ving, and Bergmann, 465 
See also Amylase, Anhydrase, 
Catalase, Cocarboxylase, Ester- 
ase, Phosphatase, Urease 
Equilin: A,g-Iso-, from 7-hydroxyes- 
trone, Pearlman and Winter- 
steiner, 605 
Erythrocyte: See Blood cell, red 
Esterase: Blood, determination, 
micro-, adenocarcinoma, T'roe- 
scher and Norris, 553 
Choline, adrenal, Antopol and 
Glick, 669 
Muscle, Matlack and Tucker, 663 
Estrogenic substance(s): Oxygen in 
Ring B, Pearlman and Winter- 
steiner, 605 
Uterus electrolytes, influence, 
Talbot, Lowry, and Astwood, 1 
Estrone: 7-Hydroxy-, A¢-isoequilin 
from, Pearlman and Winter- 
steiner, 605 
Etioallocholan-3,17-dione: Andros- 
terone, conversion, Dorfman, 
457 
Exercise: Muscle phospholipid and 
cholesterol, inheritance and, 


effect, Bloor, 77 | 


| 
| 





| 


Extraction: Biological materials, 
apparatus, Kaye, Leibner, and 
Connor, 195 

Eyestalk: Crustacean, chromato- 
phorotropic hormone, Abramo- 
witz, 501 

F 


Factor U: Vitamin Bg, relation, 
Stokstad, Manning, and Rogers, 

463 

Factor W: Pantothenic acid rela- 
tion, Black, Frost, and Elvehjem 


65 

Vitamin Bg relation, Black, Frost, 
and Elvehjem, 65 
Fat: Body, vitamin Bg effect, Gavin 
and McHenry, 4] 
Hemorrhagic degeneration, effect, 
Griffith, 639 
Liver, vitamin Bg effect, Gavin 
and McHenry, 41 
Metabolism, vitamins B and, 
Gavin and McHenry, 41 


Neutral, feces, drying and extrac- 
tion apparatus, Kaye, Leibner, 
and Connor, 195 

Fatty acid(s): Essential, acrodynia, 
effect, Schneider, Steenbock, and 
Platz, 539 

Feces: Fat, neutral, drying and ex- 
traction apparatus, Kaye, Leib- 
ner, and Connor, 195 

Phosphatase, aminoethylphos- 
phate hydrolysis by, Bowers, 
Outhouse, and Forbes, 675 

—, 8-glycerophosphate hydrolysis 
by, Bowers, Outhouse, and 
Forbes, 675 

—, preparation and effect, Chen, 
Freeman, and Ivy, 445 

Flavianic acid: Arginine determina- 
tion, use, Vickery, 325 

Pituitary hormone, anterior, fol- 
licle-stimulating, effect, Jensen 
and Tolksdorf, 519 
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Follicle-stimulating activity: Pitu- 
itary, enzyme relation, McShan 
and Meyer, 783 

Follicle-stimulating hormone: Pitu- 
itary, anterior, picric and flavi- 
anic acids, effect, Jensen and 
Tolksdorf, 519 

Fucose: d-, fermentation, colon and 
aerogenes bacteria, Field and 
Poe, 473 


G 


Gaucher’s disease: Spleen cerebro- 
side, glucose-containing, rela- 
tion, Halliday, Deuel, Trager- 
man, and Ward, 171 

Gelatin: Casein and egg albumin 
interaction at surfaces, Moyer 
and Moyer, 357 

Glucose: -Containing cerebroside, 
spleen, isolation, Halliday, 
Deuel, Tragerman, and Ward, 

171 
Liver glycogen deposition, effect, 
MacKay, Wick, and Carne, 613 

Glutamic acid: Optical forms, nor- 

mal and cancer tissue, Johnson, 
781 

Glycerophosphate: 8-, hydrolysis, 
feces phosphatase, Bowers, Out- 
house, and Forbes, 675 

—, —, kidney phosphatase, Bow- 
ers, Outhouse, and Forbes, 675 

Glycine: Creatine synthesis, rela- 

tion, Fisher and Wilhelmi, 135 
Liver glycogen deposition, effect, 
MacKay, Wick, and Carne, 613 

Glycocyamine: Liver creatine for- 
mation, relation, Borsook and 
Dubnoff, 559 

Glycogen: Liver, deposition, dl- 
alanine effect, MacKay, Wick, 
and Carne, 613 

—, —, glucose effect, MacKay, 
Wick, and Carne, 613 
—, —, glycine effect, MacKay, 
Wick, and Carne, 613 





| Gonadotropic extract(s): Picrate, 
Bischoff, 35 
Picronolate, Bischoff, 35 


Heme(s): Hemoglobin, acid groups, 
structure, Coryell and Pauling, 
769 

— derivatives, acid groups, struc- 
ture, Coryell and Pauling, 769 
Hemoglobin: Derivatives, heme 
acid groups, structure, Coryell 


and Pauling, 769 
Heme acid groups, structure, 
Coryell and Pauling, 769 


Hemorrhage: Anti-, vitamin K; and 
2-methyl-1,4 - naphthoquinone, 
comparison, Emmett, Brown, 
and Kamm, 467 

Cholesterol effect, Griffith, 639 
Choline, cystine, and methionine, 
interrelationship, Griffith and 


Wade, 627 
Cystine effect, Griffith, 639 
Fat effect, Griffith, 639 


Hippuric acid: Synthesis, biologi- 
cal, in vitro, Borsook and Dub- 
noff, 307 

Hydronephrosis: Water and elec- 
trolytes, Eichelberger and 
Bibler, 645 

Hydroxyamino acid(s): Activity, 
aqueous solution, Smith and 
Smith, 57 

Hydroxyestrone: 7-, A¢-isoequilin 
from, Pearlman and Winter- 


steiner, 605 
Hydroxyprogesterone: 17-8-, P/fif- 
ner and North, 459 

I 


Inheritance: Muscle phospholipid 
and cholesterol, exercise and, 
effect, Bloor, 77 

Inorganic component(s): Blood cell, 
red, Solomon, Haid, and Peters, 

723 


~~ 
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Insulin: Ketone metabolism, nor- 
mal and diabetic cats, Siadie, 





; 
f Zapp, and Lukens, 423 
| j Liver carbohydrate synthesis, 
ui normal and diabetic, effect, 
ne Stadie, Lukens, and Zapp, 393 
it — respiration, normal and dia- 
a betic, effect, Stadie, Lukens, 
and Zapp, 393 


— urea formation, normal and 
diabetic, effect, Stadie, Lukens, 
and Zapp, 393 

Muscle oxidations, effect, Stadie, 
Zapp, and Lukens, 411 

Iodine: Amino nitrogen determina- 
tion, nitrous acid use, effect, 
Kendrick and Hanke, 739 

Iodoacetic acid: Egg albumin, dena- 
tured, and, reaction, Rosner, 

657 

Isoequilin: As-, from 7-hydroxyes- 
trone, Pearlman and Winter- 
steiner, 605 


a eS : < =: 


K 


Ketene: Amino acid racemization, 
acetylation with, Cahill and 
Burton, 161 

Dipeptide racemization, acetyla- 
tion with, Cahill and Burton, 
161 

Ketone: Metabolism, insulin effect, 
normal and diabetic cats, Stadie 
Zapp, and Lukens, 423 

Ketosteroid(s): 17-, total, urine, de- 
termination, colorimetric, Tal- 
bot, Butler, and MacLachlan, 


595 

a-17-, urine, deterinination, color- 
imetric, Talbot, Builer, and 
Mac Lachlan, 595 
8-17-, urine, determination, color- 
imetric, Talbot, Butler, and 
Mac Lachlan, 595 
Kidney: Electrolytes, normal and 
hydronephrotic, Lichelberger 
and Bibler, 645 





Index 


Kidney—continued: 

Nephritis, oxidations and carbo- 
hydrate synthesis, Lyman and 
Barron, 293 

Phosphatase, aminoethy]phos- 
phate hydrolysis by, Bowers, 
Outhouse, and Forbes, 675 

—, B-glycerophosphate hydroly- 
sis by, Bowers, Outhouse, and 
Forbes, 675 

Phospholipid metabolism, ammo- 
nium chloride effect, radioac- 
tive phosphorus as indicator, 
Weissberger, 219 

Phosphorus, total, metabolism, 
ammonium chloride effect, ra- 
dioactive phosphorus as indi- 
cator, Weissberger, 219 

Water, normal and _hydrone- 
phrotic, Eichelberger and Bibler, 

645 

rapid, 

181 


Kjeldahl method: Micro-, 
Keys, 
L 


Lead: Biochemistry, Sobel, Yuska, 
Peters, and Kramer, 239 
Blood, calcium, phosphorus, and 


vitamin D influence, Sobel, 
Yuska, Peters, and Kramer, 
239 


Bone, calcium, phosphorus, and 
vitamin D influence, Sobel, 
Yuska, Peters, and Kramer, 

239 


Linolein: Tri-, preparation and 
properties, Wheeler, Riemen- 
schneider, and Sando, 687 

—, thiocyanogen absorption, 
Wheeler, Riemenschneider, and 
Sando, 687 

Lipid(s): Unsaponifiable, composi- 
tion, Waelschand Sperry, 787 

Liver: Carbohydrate synthesis, nor- 
mal and diabetic, Stadie, Lu 
kens, and Zapp, 393 
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Liver—continued: 

Creatine formation, glycocy- 
amine relation, Borsook and 
Dubnoff, 559 

Fat, vitamin Bg effect, Gavin and 
McHenry, 41 

Glycogen deposition, dl-alanine 
effect, MacKay, Wick, and 


Carne, 613 
— —, glucose effect, MacKay, 
Wick, and Carne, 613 
— —, glycine effect, MacKay, 
Wick, and Carne, 613 


Resp:.ation, normal and diabetic, 
insulin effect, Stadie, Lukens, 
and Zapp, 393 

Urea fo-mation, normal and dia- 
betic, insulin effect, Stadie, 
Lukens, and Zapp, 393 


Manganous uranyl acetate: Sodium 
determination, colorimetric, 
micro-, use, Leva, 487 

Mercury: Amino nitrogen determi- 
nation, nitrous acid use, effect, 
Kendrick and Hanke, 739 

Metabolism: Methionine sulfonium 
reactions, relation, T’oennies, 

455 

Methionine: Hemorrhagic degener- 

ation, relation, Grifith and 


Wade, 627 
Sulfonium reactions, metabolic 
significance, Toennies, 455 


Methylamino acid(s): N-, activity, 
aqueous solution, Smith and 
Smith, 57 

Methyl-1,4-naphthoquinone: 2-, vi- 
tamin K;, antihemorrhagic ac- 
tivity, comparison, Emmett, 
Brown, and Kamm, 467 

Muscle: Cholesterol, inheritance 
and exercise effect, Bloor, 77 

Creatine, Myers and Mangun, 
701 





Muscle—continued: 
Esterase, Matlack and Tucker, 

663 
Oxidation, insulin effect, Stadie, 
Zapp, and Lukens, afi 
Phospholipid, inheritance and 
exercise effect, Bloor, 77 
Phosphorus, Myers and Mangun, 
701 
Potassium, Myers and Mangun, 
701 

N 


Naphthoquinone: 2-Methy]-1,4-, vi- 
tamin K;, antihemorrhagic ac- 
tivity, comparison, Emmett, 
Brown, and Kamm, 467 

Nephritis: Kidney oxidations and 
carbohydrate synthesis, Lyman 


and Barron, 293 
Nitrogen: Amino. See Amino ni- 
trogen 


Determination. See also Kjel- 
dahl method 
Nucleoside(s): Purine, blood, de- 


termination, Kerr, 147 
—, tissues, determination, Kerr, 
147 
Nucleotide(s): Purine, blood, de- 
termination, Kerr, 147 
—, tissues, determination, Kerr, 
147 

oO 
Olein: Tri-, preparation and prop- 
erties, Wheeler, Riemen- 
schneider, and Sando, 687 
—, thiocyanogen absorption, 
Wheeler, Riemenschneider, and 
Sando, 687 
Ornithine: Arginine, conversion, 


Clutton, Schoenheimer, and Rit- 


tenberg, 227 
Oxidation(s): Biological, Lyman 
and Barron, 293 


Kidney, nephritic, Lyman and 
Barron, 293 
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P 


Pancreas: Amylase, solubility, or- 
ganic solvents, Larsen and Poe, 

. 129 
Pantothenic acid: Factor W, rela- 
tion, Black, Frost, and Elvehjem, 

65 

Peptide(s): Di-, racemization, acet- 
ylation with ketene, Cahill and 
Burton, 161 
Phosphatase: Feces, aminoethyl- 
phosphate hydrolysis by, Bow- 
ers, Outhouse, and Forbes, 675 

—, B-glycerophosphate hydrolysis 
by, Bowers, Outhouse, and 
Forbes, 675 

—, preparation and effect, Chen, 


Freeman, and Ivy, 445 
Kidney, aminoethylphosphate 
hydrolysis by, Bowers, Out- 
house, and Forbes, 675 


—, B-glycerophosphate hydrolysis 
by, Bowers, Outhouse, and 
Forbes, 675 

Phospholipid(s): Metabolism, cen- 
tral nervous system, age influ- 
ence, radioactive phosphorus 
as indicator, Fries, Changus, 
and Chaikoff, 23 

—, kidney, ammonium chloride 
effect, radioactive phosphorus 
as indicator, Weissberger, 219 

—, radioactive phosphorus as 
indicator, Fries, Changus, and 
Chaikoff, 23 

Muscle, inheritance and exercise 
effect, Bloor, 77 


Phosphorus: Blood lead, influence, 


Sobel, Yuska, Peters, and 

Kramer, 239 

Bone lead, influence, Sobel, 
Yuska, Peters, and Kramer, 

239 

Muscle, Myers and Mangun, 701 








Index 


Phosphorus—continued: 
Radioactive, central nervous sys- 
tem phospholipid metabolism 
indicator, age influence, Fries, 
Changus, and Chaikoff, 23 
—, kidney phospholipid metab- 


olism, ammonium chloride 
effect, indicator, Weissberger, 
219 


—, — phosphorus, total, metab- 
olism, ammonium chloride ef- 
fect, indicator, Weissberger, 


219 

—, phospholipid metabolism indi- 
eator, Fries, Changus, and 
Chaikoff, 23 


Picric acid: Pituitary hormone, an- 
terior, follicle-stimulating, ef- 
fect, Jensen and Tolksdorf, 

519 

Pituitary: Anterior, follicle-stimu- 

lating hormone, picric and 

flavianic acids, effect, Jensen 

and Tolksdorf, 519 

See also Prolactin 

Fotlicle-stimulating activity, en- 
zyme relation, McShan and 
Meyer, 783 

Polysulfide: Sulfur-, coiioidal, mix- 
ture, absorption and oxidation, 
Greengard and Woolley, 83 

Potassium: Determination, micro-, 


Weichselbaum, Somogyi, and 
Rusk, 343 
Muscle, Myers and Mangun, 701 


Progesterone: 17-8-Hydroxy-, Pfif- 


ner and North, 459 
Prolactin: Absorption spectrum, 
White and Lavin, 717 


Proline: Activity, aqueous solution, 
Smith and Smith, 57 
Protein(s): Animal, purified, aleo- 
hol effect, Harris and Mattill, 


477 
Metabolism, Clutton, Schoen- 
heimer, and Rittenberg, 227 
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Proteolysis: Enzymes, tumors, Fru- 
ton, Irving, and Bergmann, 465 
Purine: Nucleosides, blood, deter- 


mination, Kerr, 147 
—, tissues, determination, Kerr, 
147 

Nucleotides, blood, determina- 
tion, Kerr, 147 
—, tissues, determination, Kerr, 
147 

Ss 


Selenium: Excretion, p-bromoben- 
zene effect, Mozon, Schaefer, 
Lardy, Du Bois, and Olson, 785 

Sodium: Determination, 
metric, micro-, 
uranyl acetate use, Leva, 487 


colori- 


Soil bacillus: Bactericidal agent, | 


fractionation, Hotchkiss and 

Dubos, 791 

— substances, properties, Hotch- 

kiss and Dubos, 793 
Soy bean: See Bean 


Spleen: Cerebroside, glucose-con- 
taining, isolation, Halliday, 
Deuel, Tragerman, and Ward, 

171 

Steroid(s): 17-Keto-, total, a-, and 
8-, urine, determination, colori- 
metric, Talbot, 
Mac Lachlan, 595 

Sugar(s): Fermentation, colon and 
aerogenes bact ~ia, Field and 
Poe, 473 

Sulfonium reaction(s): Methionine, 
metabolic significance, Toen- 
nies, 455 

Sulfur: -Polysulfide mixture, col- 
loidal, absorption and oxida- 
tion, Greengard and Woolley, 

83 


Suprarenal: See Adrenal 


manganous | 


Butler, and | 


T 


Thiocyanogen: Absorption, triolein 
and trilinolein, Wheeler, Rie- 
menschneider, and Sando, 687 

Tissue(s): Purine nucleoside deter- 


mination, Kerr, 147 

— nucleotide determination, 
Kerr, 147 
Trilinolein: Preparation and prop- 
erties, Wheeler, Riemen- 
schneider, and Sando, 687 
Thiocyanogen absorption, 
Wheeler, Riemenschneider, and 
Sando, 687 


Triolein: Preparation and proper- 
ties, Wheeler, Riemenschneider, 





and Sando, 687 
Thiocyanogen absorption, 
Wheeler, Riemenschneider, and 
Sando, 687 


| Tryptophane: Determination, meth- 
ods, comparison, Shaw and 
McFarlane, 387 
Tumor(s): Enzymes, proteolytic, 
Fruton, Irving, and Bergmann, 
465 

See also Adenocarcinoma 


U 


Urea: Creatine synthesis, relation, 
Fisher and Wilhelmi, 135 
Liver, formation, normal and 
diabeiic, insulin effect, Stadie, 


Lukens, and Zapp, 393 
Soy bean urease, hydrolysis, acti- 
vation energy, Sizer, 209 


Urease: Soy bean, urea hydrolysis, 
activation energy, Sizer, 209 
Urine: 17-Ketosteroids, total, a-, 
and §-, determination, colori- 
metric, Talbot, Butler, and 
Mac Lachlan, 595 
Uterus: Electrolytes, estrogenic 
substance influence, Talbot, 





Lowry, and Astwood, 1 
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Vv 


van den Bergh reaction: Chemistry, — 
119 | 


Coolidge, 
Vitamin: A, blood, visual test rela- 
tion, Pett and Le Page, 585 


—, deficiency, Pett and LePcge, | 
585 | 


determination, colorimetric, 
527 


Koehn and Sherman, 
Ag, cyclization, Embree 
Shantz, 619 
B, fat metabolism and, Gavin 
and McHenry, 
B, deficiency, 
blood cocarboxylase relation, 
Goodhart and Sinclair, 11 
Be, acrodynia, effect, Schneider, 
Steenbock, and Platz, 539 
—, body fat, effect, Gavin and 
McHenry, 41 
—, factor U, relation, Siokstad, 
Manning, and Rogers, 463 
—, — W, relation, Black, Frost, 
and Elvehjem, 65 


and | 


41 
determination, | 


Index 


| Vitamin—continued : 
Bs, liver fat, effect, Gavin and 
McHenry, 41 
C, suprarenals, diphtherial intoxi- 
cation, relation, Torrance, 575 
D, blood lead, influence, Sobel, 
Yuska, Peters, and Kramer, 
239 
—, bone lead, influence, Sobel, 
Yuska, Peters, and Kramer, 
239 
Deficiency, anemia relation, 
chick, Hogan and Parrott, 507 
Kj, 2-methy]-1, 4-naphthoquinone, 
antihemorrhagic activity, com- 
parison, Emmett, Brown, and 
Kamm, 467 
—, synthesis, Klose and Alm- 
quist, 469 

WwW 


Water: Kidney, normal and hydro- 
nephrotic, ichelberger and 
Bibler, 645 





Work: See also Exercise 
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